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CERTIFICATION 
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specifications when it was shipped from the factory. The Hewlett- 
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WARRANTY AND ASSISTANCE 
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Service contracts or customer assistance agreements are available 
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Model 41 6E 




Ftgure hi. Model 415E SWR Meter 



Table hi. 

Sensitivity: 0.15 MVrms for full-scale deflection at 

maximum bandwidth (1 pVrms on high impedance 
crystal input) . 

Noise: At least 7.5 dB below full scale at rated 

sensitivity and 130-Hz bandwidth with input 
terminated in 100 or 5000 ohms. Noise figure less 
than 4 dB. 

Range: 70 dB in 10- and 2-dB steps. 

Accuracy: t0.05 dB/lO-dB step; maximum cumulative 
error between any two 10-dB steps, to. 10 dB; maxi- 
mum cumulative error between any two 2-dB steps, 
t0.05 dB. Linearity: t0.02 dB on expanded scales, 
determined by Inherent meter resolution on normal 
scales. 

Input: Unbiased low and high Impedance crystal (50 

to 200 and 2500 to 10,000 ohm optimum source 
Impedance respectively for low noise); biased crystal 
(IV into IK); low and high current bolometer (4.5 
and 8.7 mA ±3% into 200 ohms), positive bolometer 
protection. Input connector, BNC female. 

Input Frequency: 1000 Hz, adjustable 7%. Other fre- 

quencies between 400 and 2500 Hz available on 
special order. 

Bandwidth: Variable, 15 to 130 Hz. Topically less 

than 0.6-dB change in gain from minimum to nsaxi- 
mum bandwidth. 



Speci fications 

Recorder Output; 0 to I Vdc Into an open circuit 
from 1000 ohms source Impedance for ungrounded 
recorders. Output connector, BNC female. 

AmpHfier Output: 0 to 0.3 Vrms (NORM), 0 to 0.8 
Vrms (EXPAND) Into at least 10,000 ohms for un- 
grouiuled equipment. Output connector, dual banana 
jacks. ^ 

Meter Scales: Calibrated for square-law detectors. 

SWR- 1 to 4, 3.2 to 10 (NORM); I to 1.25 (EX- 
PAND). DB: 0 to 10 (NORM); 0 to 2.0 (EXPAND). 
Battery: change state. 

Meter Movement: Taut-band suspension, individually 

calibrated mirror-backed scales; expanded dB and 
SWR scales greater thim 4-1/4 Inch (108 mm) long. 
RFl: Conducted and radiated leakage limits are below 

those speclHed In MIL-1-6181D. 

Power: 115 or 230 volts tl0%. 50 to 400 Hz, 1 watt. 

Optional rechargeable battery provides up to 36 
hours continuous operation. 

Weight: Net, 9-1/2 lb (4,3 kg). 11 lb (4.9 kg) with 

battery. 

Options; 

01. 001. Rechargeable battery installed. 

02, 002. Rear-panel input connector in parallel with 
front-panel connector. 



1-0 } 





Model 415E 



t 

General Information 



SECTION I 

^ GENERAL INFORMATION 



M. INTRODUCTION 

1*2. The Model 416E Standing Wave Ratio 
(SWR) Meter is a high-gain amplifier, tuned to an 
audio frequency, with a square-law calibrated 
meter-readout. The Model 415E U designed for 
use with square-law detectors in the measurement 
of SWR ani^ power. In addition, because of high- 
sensitivity and narrow bandwidth, it can be used 
as a null detector for audio-frequency bridges. 
The Model 416E is shown in Figure 1-1. Operat- 
ing specifications are given in Table 1-1. 

1-3. Tftfe Model 415E is designed to operate at a 
mean frequency of 1000 Hz, with a variable 
bandwidth of 15 to 130 Hz. Operating center 
frequency and bandwidth are both adjustable at 
the front panel. The amplifier gain is only slightly i 
changed due to change in bandwidth (typically / 
less than 0.5 dB). In addition to the raeter"^ 
readout, provisions have been made on the rear 
panel to connect to external readout devices. 
Two outputs are available; an ac amplifier output 
is provided to allow using the Model 415E as a 
high-gain (126 dB) ampiiffbr and a dc recorder 
output is provided to permit obtaining a 
permanent record of the measurement data. 
Either or both of these rear panel outputs can be 
used without affecting instrument - meter 

operation provided no spurious signals, spch as 
power line ground voltages, are introduced by the 
addition of external readouts. This can be 
checked by noting the reading on the meter both 
with and without the external readouts 

connected. If the meter readings change, 
additional voltage is being, introduced from the 
external readout. 
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1-4. INSTRUMENT? COVERED BY MANOAL 

4 

This manual applies directly to the Model 
415E SWR Meters having serial numbers prefrxed 
990 (first group of numbers of serial number). If 
the serial prefix on your instrument is other than 
990, there are differences between the manual and 
you* instrument which are described in a Manual 
Changes sheet 'included with the manual. If the 
Manual Changes sheet is missing, the information 
can be supplied by your nearest Hewlett-Packard 
Sales and ^Service office (see list at rear of this 
manual). The manual change sheet may also in- 
clude an “ERRATA” section which describes 
manual correction information which applies to 
the manual for all instruments including instru- 
ments prefixed 990. 

1-6. INSTRUMENT OPTIONS 

i 

1- 7. This manual provides operating and servicing 
information for the standard Model 415E. In addi- 
tion, operating and servicing information for Model 
41 Be instruments with Options 01, 001, 02, and 
002, described below, is also included. 

a. Option 01, 001. Factory installed, 24-volt 
rechargeable battery capable of supplying up to 36 
hours continuous operation of the Model 415E. If 
not initially installed as an option, the same bat- 
tery is available on order from Hewlett-Packard 
(see paragraph 2-23). 

b. Option 02, 002: Additional input connec- 

tor on rear pane) wires in parallel with the front' 
panel INPUT connector. If not initially installed a* 
an option, the connector-cable assembly is avail- 
able on order frpm Hewlett-Packard (see paragraph 

2- 23). 
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INSTALLATION 



2-1. INITI/^L INSPECTION 
2-2. Mechanical Check 

2-3. If damage to the shipping carton is evident, 
ask that the darner’s agent be present when the 
instrument is unpacked. Inspect for mechanical 
damage, such as scratches or dents. Also check 
the cushioning material for signs of severe stress 
(compacting). 

2-4. Electrical Check 

2-5. The electrical performance should be veri- 
fied as soon as possible after receipt. Refer to the 
Performance Test for further instructions. 

2-6. Claim for Damage 

2-7. If there is mechanical damage or the instru* 
ment fails to meet electrical specifications upon 
reciept, notify the carrier and your nearest 
Hewlett-Packard office immediately (a list of 
offices^is at the end of this manual). Retain the 
shipping carton and the padding material for the 
carrier’s inspection. 

2-8. INSTALLATION 

2-9. The Model 416E is fully transistorized; 
therefore no special cooling is reqiured. However, 
the instrument should not be operated where the 
ambient temperature exceeds 66^C (MO^F). 

2-10. Rack Mounting 

2-11. The Model 415E is a submodular unit that 
when used alone can be bench mounted only. 
However, when used in combination with other 
submodular units it can be bench and/or rack 
mounted. The HP combining case and adapter 
frame are designed specifically for this purpose. 

2-12. Combining Case. Th^e combining case is a 
full-module unit which accepts varying combina- 
tions of submodular units. Being a full-module 
imit, it can be bench or rack mounted analogous 
to any full-module instrument. 

2-T3. Adapter' Frame. The adapter frame is a 
rack frame that accepts any combination of sub- 
modular units. It can be rack mounted only. 



2-14. Three-Conductor Power Cable 

2-15. To protect operating personnel, the Na- 
tional Electric^ Manufacturer's A^dation 
(NEMA) recommends that the Instrument panel 
and cabinet be grounded. All Hewlett-Packard 
instruments are equipped with a three-conductor 
power cable which, when plugged Into an appro- 
priate receptacle, groimds the instrument. The 
offset pin on the power cable three-prong con- 
nector is the ground wire. 

2-16. To preserve the protection feature when 
operating the instrument from a two-contact 
outlet, use a three-prong to two-prong adapter 
and connect the green pigtail on the adapter to 
ground. 

2-T7. PRIMARY POWER REQUIREMENTS 

2-18. The Model 415E can be operated from an 
AC or DC primary power source. The AC source 
can be either 116 or 230 volts, 60 to 400 Hz. 
The DC source is a 24-volt rechargeable battery. 
The rechargeable battery is supplied with Option 
01, 001 instruments only. 

2-19. For operation from AC primary power, 
the instrument can be easily converted from 116- 
to 230-volt operation. The LINE VOLTAGE 
switch, SI, a two-position slide switch located at 
the rear of the instrument, selects the mode of 
AC operation. The line voltage for which the 
instrument is set to operate appears on the slider 
of the switch. A 1/16-ampere, 250-volt fuse is 
used for both 116- and 230-volt operation. 

CAUTION 

To avoid damage to the instrument, 
set the 116 — 230-volt switch for the 
line voltage to be used before con- 
necting the power cable. 

2-20. Initial Battery Check 

2-21. The following- applies to Option 01, 001 
instruments or instruments that have field- 
installed batteries. When the battery is used as 
the power source for the first time, perform the 
following steps; 
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a. Connect Model 415E to AC source. Set 
POWER switch to CHARGE ahd charge battery 
for a minimum of 16 hours or overnight. 

NOTE 

The battery can be maintained in the 
charging states indefinitely without 
damging the battery. It will assume 
ils full capacity^ 1.26 ampere hour, 
and no more. 

b. Set POWER , switch to TEST position, the 
meter needle indication should be within the 
BAT CHARGED area (see Figure 3-1). 

2-22. INSTALLING BATTERY AND INPUT 
CONNECTOR 

2-23. Available from Hewlett-Packard are parts 
required for modifying any Model 415E to cor- 
respond to those instruments with Option 01, 
001 and/or Option 02, 002. A rechargeable Bat- 
tery Installation Kit, HP Part No. 00415-606, 
contains the battery and necessary hardware for 
installation (corresponds to Option 01, 001). 
Installation instructions are detaUed in Appendix 
I at rear of this manual. To obtain the parts re- 
quired for an input connector on the rear panel 
(corresponding to Option 02, 002), order by HP 
Part Number as found in Table 6-1 (listed under 
option 02, 002). Instructions for installatioi) of 
this additional connector are detailed in 
Appendix I at rear of this manual. 

2-24. STORAGE Al\|p SHIPMENT 

2-25. Shipping Environment 

2-26. This instrument contains components 
which may be dantaged by , extremely low temper- 
atures or water. Do not ship or store this instru- 
ment in temperatures below — 40”C. Allow the 
instrument to warm up to at least O’C before 
attempting operation. This instrument will oper- 



ate in any humidity up to 95% at MO^C, but 
protect it from condensation when taking a cold 
instrument into a warm room by providing insul- 
ation (such as a blanket). 

2-27. Packaging ' 

2-28. Using Original-Type Packaging. The same 
type containers and materials used in factory 
packaging can be obtained through the Hewlett- 
Packard offices listed at the end of this manual. 
If the instrument is being returned to Hewlett- 
Packard for servicing, attach a tag indicating the 
type of service, requir^, return address, model 
number, and full seiHal number. Also mark the 
container FRAGILE to assure careful handling. In 
any correspondence, refer to the instrument by 
model number and full serial number. 

2-29. Using Other Packaging. The following 
general instructions should be used when repack- 
aging with commercially-available materials:^ 

a. Wrap the instrument in heavy paper or 
plastic. (If shipping Ho a Hewlett-Packard bffice, 
attach a tag indicating the type of service re- 
quired, the return address, model number, and 
full serial number). 

b. Use a strong shipping container. If a carton 
is used, a double-wall carton made of 350-pound 
test material is adequate). 

c. Use enough shock-absorbing material (three- 
to four-inch layer) around all sides of the instru- 
ment to provide firm cushion and prevent move- 
ment inside the container. Protect the front panel 
with cardboard. 

d. Seal the’ shipping container securely, and 
mark it FRAGILE to assure careful handling. 

e. In any correspjondence. refer to the instru- 
ment by model number and full serial number. 
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3-1. INTRODUCTION 

3-2. This section contains information and pro- 
cedures for operation of the Model 415E (from 
either AC or battery power source) in making 
SWR and attenuation measurements. Also in- 
cluded 'is information on slotted line techniques, 
and a discussion of Model 415E noise perform- 
ance with various source impedances and ‘noise 
effect on meter indication. 

3-3. FRONT AND 'rear PANEL FEATURES 

34. Figures 3-1 and 3-2 identify by number the 
front and rear panel features of the Model 415E. 
The descriptions are 1-eyed by number to the 
figureij. Further informal 'on regarding the various 
settings and uses of the l mirols, indicators, con- 
nectors. and adjustments i.- included in the pro- 
cedures of this section. Information on the 
battery is found in paragraph 1-6. 

3-5. GENERAL OPERATING AND MEASURE- 
MENT CONSII^ERATIONS. 

3-6. Battery Operation 

3-7. The Model 415E may be operated from a 
battery instead of the 115- or 230-voli AC supply 
(see paragraph 2-18). Battery operation requires 
some slightly different procedures to prolong 
battery life and ensure proper results. Phe re- 
chargeable nickel-cadmium battery is faetoi 7 in- 
stalled if ordered as Option 01, 001 (see para- 
graph 1-7). The same battery may be ordered and 
installed later. To obtain this battery, order HP 
Part No. 00415-606, Rechargeable Battery Instal- 
lation Kit. 

3-8. Initial Battery Use. When the Model 415E 
is to be battery operated for the first time, per- 
form' the following steps: ^ 

—■a. Switch the Model 415E POWER switch to 
BATTERY/TEST position and note meter pointer 
indication: A meter pointer indication in the 
BAT CHARGED area indicates the internal bat- 
tery properly charged and ready for use. A meter 
pointer indication to the left of the BAT 
CHARGED area means that the battery must be 
charged as described below. 

b. Connect the . Model 415E to AC power 
source. Set '^POWKR switch to BATTERY/ 
CHARGE and charge the battery for a minimum 
of 16 hours or overnight. 



c. After at least 16 hours of recharge time,' 
switch POWER switch to BATTERY/TEST posi- 
tion and check batten^ charge. If the battery 
chaise indication is still unsatisfactory, see 
Troubleshooting in Section V. 

3-9. OfStimum Battery Usage. It is recom- 
mended that the Model 41 6E be operated the 
battery for up to eight hours, followed by 16 
hours of recharge. If continuous battery opera- 
tion is required for more than eight hours, the 
recharge time should be double the operating 
time. Continuous battery operation is possible for 
up to 36 hours but this must be followed by a 
prolonged recharge period. 

3-10. Bq^jy-.Storage. Storage of the btrttery at 
or below^70‘*F is best. Extended storage at high 
temperature will reduce the cell charge but not 
damage the battery if the storage temperaure is 
less than 140° F. It is suggested that the battery 
be charged after removal from storage and before 
using the Model 415E for battery operation. 

3-11. Ground Loop Currents 

3-12. The 415 SWR Meter audio amplifier has 
high sensitivity to low-level signals, such as 
ground loops. Ground loops occur when instru- 
ments are connected to 415E and grounded 
through power cords or rack mountings. The 
presence of ground loops can be detected by- 
meter indications with no input at high-gain set- 
tings or by beats (a p>eriodic waver) of the meter 
needle. Ground loops can be minimized in the 
following ways: 

a. Operate at as high a signal level as the 
measurement will permit. 

b. If ground loops occur, minimize them by 
'•hanging all possible ground leads for the least 
beating in the measurement indication. 

t In difficult cases run separate ground leads 
to -ne central grounding point. Often, ground 
loops give trouble when the current from more 
than C'-ie instrument flo^yrs through the same wire. 
GYureni through a common impedance causes the 
potential on both ground terminals to vary as the 
current fr -m one instrument varies. * 

3-13. Bandwidth and Frequency Selection 

3-14. Two fr<int panel adjustments are provided 
to optimize operation of -the Model 416E tuned 
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FRONT PANEL 




O POWER. Selects desired 415E power source. 
BATTERY/CHARGE position allows internal 
battery recharge when power cord is ^nnected to 
AC line. 

O LINE/CHARGE. Indicator lighU when power is 
in LINE/ON or BATTERY/CHARGE position. 

0 INPUT. Female BNC INPUT connector. 

© INPUT. Set input of 415E either to XTAL 
IMPED or BOLOMETER. If set to XTAL IMPED 
select either HIGH or LOW Impedance for un- 
biased crystals or BIASED for crystals that re- 
quire bias. 

O FREQ. Adjustment allows center frequency total 
vulation of 70 Hr. If range is not great enough, 
refer to Changing Operating Frequency in Section V. 



O RANGE-DB. Gain control adjustable in lO-dB 
steps. 

© EXPAND (NORMAL). Offset switch which 
permits full-scale expansion of any 2 dB sector of 



^ ,{ ^unexpended meter reading. Set to figure corres- 
ponding to lowest dB reading of the expanded 
sector desired as read pn the lower dB scale. 
When expanded, read value on upper dB scale and 
add number of dB on EXPAND dial to reading. 



O 

O 



BANDWIDTH. Allows adju-stmenl of bandwidth 
from 15 to 130 Hz. 

GAIN. Allows initial meter reference setting with 
a control range of at least 10 dB. 



|f| VERNIER, Provides fine adjustment of GAIN 
control meter settings. 

in Mechanical zero adjustment allows exact setting 
of meter needle to 2 dB on the upper dB (EX- 
PAND) scale. 

O BAT CHARGBO With POWER switch set to 
BATTERY/TEST, a meter needle indication with- 
in the BATTERY CHARGE area on the meter 
face (Indicated by 12A) shows that Internal 
battery Is charged sufficiently for proper Instru- 
ment operation, (Option 01, 001 only.) 



Figure 3-1. Front Panel Features 
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O INPUT. Additional input connector (wired in 
parallvi with front panei connector) Supplied as 
Option 02. 002 for 415E, oniy upon request. 

© RECORDER. Rear panel recorder output fur- 
nishes an output from 0 to \ volt dc with Internal 
resistance of 1000 ohms and provides a con- 
venient means of obtaining a permanent record of 
measured data. Any recorder with an Impedance 
of 1000 ohms or greater may be used. Recorders 
with lower than 1000 ohms impedance will load 
down the output giving a lower than true reading. 
For proper operation, the recorder output ground 
(BNC shell) must be connected to a floating 
ground. 

O AMPLIFIER OUTPUT. The rear-panel amplifier 
output furnishes an output for 0 to 0.8 volt rms 
into an impedance of lOK ohms or greater. The 
Model 415E will supply up to 126 dB of voltage 



gain. For proper operation, the ground terminal 
(black) must be connected to a floating ground. 
With the EXPAND switch set to NORM, a full- 
scale meter reading will result in a 0.3 volt rms 
output signal, and a minimum scale reading (lO 
dB) will result in approximately 0.02 Vrms. With 
the EXPAND switch set to any position except 
NORM, a full-scale meter reading results In a 0.8 
volt rms output and a minimum scale reading (2 
dB) results in a 0.5 volt rms output signal. A zero 
input signal results in a 0 volt output signal. 



LINE. Three-conductor ac power cord re- 
ceptacle. 



^ FUSE. Contains power line fuse (l/16amp). 

1/16A. £ 
operation. 



^ 1/16A. Slide switch to allow 115- or 230-voit ac 



f 



Figure 3-2. Rear Panel Features 
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amplifier. The FREQ (frequency) control allows a 
total variation of 7% of the center tuned fre- 
quency. Wh^n more than one Model 415E is in- 
cluded in the same measurement setup, the vari- 
able tuhed .frequency is used to set all the instru- 
ments to 'the exact frequency modulating the 
source. The high sensitivity and narrow band- 
width of the amplifier make the Model 416E 
valuable as « meter-indicating null detector for 
audio frequency bridges. The BANDWIDTH 
adjustment varies the tuned filter bandwidth from 
15 to 130 Hz. A ncrrow bandwidth is best for 
low level signals as this improves the signal to 
noise ratio. A wide bandwidih would find more 
use in fast sweep rate measurement?*. 

3-15. SWR MEASUREMENT EQUIPJlAtNT AND 
TECHNIQUES 

3-16. Equipment 

3-17. A typical setup of equipment used in SWR 
measurements is shown in Figure 3-3. The signal 
source is usually square-wave modulaUfd at 1000 
Hz since other modulating waveforms often cause 
undesirable frequency modulation of the source. 
Harmonics from the source sometimes cause 
trouble and can be eliminated with a low-pass 
filter. 

3-18. The detector should be a square-law device 
(output voltage proportional to RF power input) 
such as a barretter or a crystal diode operated at 







Figure 3-3. Typical SWR Measurement Setup 



low signal levels^The meter of the 41 5E is cali- 
brated for square-law detectors. Crystal diodes are 
normally more sensitive than barretters but bar- 
retters are square-law over a wider dynamic range. 
Both types of detector normally maintain accur- 
ate square-law response up to at least full scale 
deflection with the RANGE-DB switch set to the 
30 dB position and coarse GAIN at maximum. (1 
mVrms since wave of 2.2 mV peak-to-peak square 
wave causes full scale deflection on HIGH XTAL 
IMPED position. On other positions of INPUT 
switch, 0.1 mVrms sine wave or 0.33 mV peak-to- 
peak square Wave causes full-scale deflection.) 
Above this level these detectors should be indi- 
vidually checked for departure from square-law 
behavior or manufacturer’s data should be con- 
sulted. 

3-19. A short-circuit termination is useful in 
establishing reference positions along the trans- 
mission line and in measuring transmission line 
wavelengths. 

3-20. Slotted Line Probe Penetration 

3-21. A general rule in slotted line measurement 
is to use minimum probe penetration that still 
picks up adequate signal to measure. The probe 
couples to the transmission line as a shunt admit- 
tance which increases (disturbing the transmission 
line more) as the probe penetrates farther. To 
find out whether a given probe penetration is too 
great or not. measure SWR, then change probe 
penetration and remeasure SWR. If the second 
reading is different, the probe is penetrating too 
far and loading the transmission line significantly. 

3-22. GENERAL TURN-ON PROCEDURE 

3-23. Figure 3^, General Turn-On Procedure, 
gives the turn-on procedure preliminary to mak- 
ing either SWR or power measurements. Do this 
procedure before proceeding to measurements. 
Scale functions are also indicated on Figure 3-4. 
Familiarity with these functions is necessary be- 
fore making measurements. 

3-24. USE OF CRYSTAL DETECTORS 

3- 25. The input impedance of Model 41 5E must 
always be higher than the output or source im- 
pedance of a bolometer or crystal detector con- 
nected to the INPUT connector (see paragraph 

4- 21 for discussion). For low output impedance 
devices, such as 100 to 200 ohm detectors use 
415A XTAL IMPED/LOW switch position. For 
high output impedance devices, such as HP 
Models 420B, 423B, 424B, or 786D, use 415E 
XTAL IMPED/HIGH position. If improper input 
impedance is selected, the crystal detector may 
depart from square-law for which 415E is cali- 
brated. Paragraph 3-27 gives method of checking 
and calibrating a detector for square-law response. 



34 





Set POWER switch to OFF. Meter pointer 
should rest at 2 on the 0 to 2 dB EX- 
PAND scale (if not. refer to paragraph 
5-10 and mechanically zero meter). 

A Set POWER switch to UNE/ON (or 
^ BATTERY/ON). 

NOTE 

If set to BAITER Y/ON refer to 
paragraph 3-5 and check battery 
potential. 

Set INPUT to desired input impedance. 
^ See Specifications for details. 

CAUTION 

Do NOT switch to BIASED XTALor 
BOLOMETER when using a crystal 
that does not require bias. The crystal 
may be damaged. 

A Connect audio source to INPUT (i.e., 
^ crystal detector, bolometer, audio oscil- 
lator, etc.). 



A Adji&l modulation frequency of input sig* 
^ na) to approximately 1000 Hz. 

A Adjust RANGE-DB, GAIN, and VER- 
NIER controls and the amplitude of the 
input signal for a convenient meter refer- 
ence near mid-scale. RANGE-DB indicates 
gain, not attenuation. 

A Adjust FREQ control for maximum meter 
pointer Reflection. 

Adjust BANDWIDTH control: fully 

counterclockwise rotation is minimum 
bandwidth and fully clockwise rotation is 
maximum bandwidth. 

NOTE 

A narrow bandwidth is usually 
best for low level signals; 30 Hz 
is convenient for most ON ap- 
plications; and a wide band- 
width is usually best for fast 
sweep-rate measurements. 



Figure 3-4. Genera/ Turn-On Procedure 
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1. Set EXPAND switch Q TO NORM, 

2. Adjust slotted-iine carriage (or a maxitnum (to 

the right) SWR Meter deflection. Change RANGE-DB 
switch and GAIN controls ^ , if neces- 

sary, to maintain an on-scale meter indication. 

3. Adjust Gain vernier control Q for a SWR 
Meter indication of I (upper numerals on center scale). 



4. Adjust siotted-line carriage (or a minimum (to 
the left) SWR Meter deflection. 

a. For SWR between 1.25 and 3.2 read upper 
numerals on center scale. 

b. For greater resolution of SWR less than 1.25. 

(1) Set NORMAL-EXPAND switch Q to 0 



(2) Adjust sloUed-line carriage for a maximum 
meter indication. Adjust GAIN VERNIER control 

for a SWR Meter indication of 1. 

(3) Adjust slolted-line carriage for a minimum 
(to the left) meter deflection. Read SWR on lower 
numerals of lop scale. 

c. Kpr SWR greater than 3.2 (meter indication to 
left or off scale), 

(1) Rotate RANGE-DB switch one posi- 
tion clockwise and read bottom numerals on center 
scale. 

(2) If SWR indication is greater than 10:1 

(meter indication off scale to left) rotate RANGE-DB 
switch one more position clockwise, read upper 

numerals on center scale, and multiply reading by ten. 

If meter indication is still off scdle to the 
left, rotate RANGE-DB switch ^ one more position 
clockwise and read lower numerals on center scale 
(SWR 32 to 100). 



Figure 3-5. Measuring SWfl 
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3-25. CHECKING SQUARE-LAW RESPONSE 

3*27. Increase the power level to the cryatal 
detector by known increment, an^^ote detector 
response on 41 6E. ^ 

NOTE ' / 

A deviation in square-law reponse 
may be due to excessive RP power 
to the crystal detector (see operating 
literature for specified response char- 
acteristics qf crystal detector in 
use ) . ♦ 

3-28. SWR MEASUREMENT pfibcE^URE 

3-29. Moderate SWR. Refei^to Figure 8-3 for a 
typical SWR measurement setup. The scales of 
the 415E are calibrated to read standing-wave 
ratio directly. Figure 3-4 illustrates the function 
uf each individual scale. Refer to Figure 3-5 for 
further operating information. 

3-30. High SWR, High standing wave ratios 
(greater than 30, or sometimes 10) present prob- 
lems because ‘of excessive probe penetration (to 
lift the minimum above the nqise level) and de- 
parture of detector behavior from square-law. 
Both problems are lessened or eliminated by 
measuring only the standing wave pattern near 
the voltage minimum, where proba loading effects 
are least disturbing. ' 

3-31. Twice-Minimum Power Method. The basis 
for this method (and the Ten-Times Minimum 
Power Method) is the fact that for a high SWR, 
the standing wave pattern approximates a parab- 
ola in the vicinity of a voltage minimum. The 
slotted line carriage must have a good scale or 
dial indicator. Measure the distance (AX) between 
positions on the standing wave pattern where the 
voltage is 3 dB above the voltage at the mini- 
mum. Also measure the trt^ismission line wave- 
length Xg (standing wave pattern minima are one- 
half wavelength apart and the sharp minima re- 
sulting from short-circuiting the transmission line 
are easy to locate accurately). Compute the SWR 
from the following formula: 

SWR - Xg/nAX 

3-32. Ten-Times Minimum Power Method, An- 
other convenient level above minimum method to 
use for computing SWR is a level 10 dB above 
minimum. The separation (AX) between these 
positions should be put in the following formula: 

SWR - SXg/irAX 

For standing wave ratios as low as 15 to 1. the 
accuracy of this method is within one percent. 

*For furth«r InfornuUon. *e« '*Mlerow«v« MtMunnivnU by 
Edward K. Oliuton. pp 142-3. MeOraw-HUl Book Co.. N.Y.C. 



3-33. SWR Measurement-Sources of Error. Sev- 
eral possibilities have already been mentioned: 
excessive frequency modulation of source (smears 
out sharp, deep hulls of high SWR pattern)} 
harmonics of signal frequency from source, der 
parture of detector from square-law behavior, and 
excessive probe penetration. Alao reflects in the 
transmission line between the slotted line and 
device being measured must be minimized. 

3-34. POWER MEASUREMENT PROCEDURE 

3-35. The 416E'will measure only relative power 
and voltage since the gain of the 415E can be 
adjusted by the GAIN control. Figure 3-6 shows 
a typical test setup for measuring attenuation. 
The 415E may be used for high-resolution inser- 
tion-loss measurements by inserting the device to 
be measured between the signal source and the 
detector while noting the change in dB indi- 
cation. The continuous coverage of the EXPAND 
scal^ allows any attenuation measurement to be 
made to greater resolution on the EXPAND scale. 
For accurate results, both the singal source and 
the detector should be well matched. Impedance 
match of source and detector can be iijiproved 
with padding attenuators, isolators, or tuners (CW 
only). Gain can be measured in a similar manner 
by. inserting the device to be measured in place of 
the attenuator dn Figure 3-6. To measure loss or 
gain refer to Figure 3-7. 

3-36. SYSTEM ERRORS 

3-37. Errors occur when making measurements 
on lower 415E ranges due to noise. For con- 
venient reference, a graph (Figure 3-8) is shown 
to allow correction to the meter reading for any 
given measurement. To use this graph, make a 



1 




Figure 3-6. Attenuation Measurement Setup 
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The Model 415E will measure only relative power, not absolute power, since the ^ain of the 415K 
IS adjustable. To measure gain or loss refer to Kigures 3-3 and 3-4 and then proceed as follows. 



1. Set EXPAND switch Q to NORM. 

2. With the deteWor (see Figure 3-6) con 
nected directly to the signal source, set meter 
indication to a reference reading on the 
bottom scale by means of the GAIN controls 

Op 

3. Connect the device to be tested between 
.the signal source and the detector and read 



meter indication. Do Not touch (IAIN controls 
If the meter needle is off scah*, ro 
tate RANGKDB switch Q until meter 
needle comes i*n-scale. 

4. Add. algebraically, the difference be 
tween the two readings and the di^rence 
between the two RANGK I)B switch set- 

tings. This sum IS the gain or loss of the 
measurement 



Figure 3-7. Measuring Power (I of 2 i 
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EXPAND Scales 

Th^ expand scales enable you to expand any 2-dB sector of the normal scales to the full width of 
the meter scale for gre^ater resolution. To use the expanded meter scales proceed as follows: 



5. With EXPAND switch © set to 
NORM, read the meter needle on the bottom 

scale. Determine in which 2-dB segment 
i.e., 0 'to 2 dB, 2 to 4 dB. 4 to 6 dB, 6 to 
8 dB or 8 to 10 dB, the needle lies. 

6. Rotate EXPAND switch Q 
NORM and to the lowest dB reading of the 
2-dB segment determined in step 5. 

7. Read the meter needle on the top scale 
and add the setting of step 6 to the observed 
value. When reading expanded scales the right 
end-scale value will be the same as the setting 



in step 6 and the left end-scale value will be 2 
dB higher. 



Examples; 




1 


NORM 






Bottom 


EXPAND 


' Top 


Scale * 


Switch ■♦•i 


Scale 


Reading 


Reading ' 


Reading 


1 dB 


0 dB 


1 dB 


3 dB 


2 dB 


1 dB 


5 dB 


4 dB 


1 dB 


7 dB 


6 dB 


1 dB 


9 dB 


8 dB 


1 dB 




Figure 3-7. Measuring Power (2 of 2) 



signal measurement, then turn RF power source 
off or disconnect detector from RF source and 
note average meter reading due to noise. The dif- 
ference between these two readings is used to 
obtain the proper correction factor from Figure 
3-8. For example, assuming an average noise level 




Figure 3-8 Meter Noise Correction Curve 



of 9.5 dB and a measured signal level of 3.5 dB, 
the difference is 6 dB. Refer to Figure 3-8, where 
6 dB corresponds to an error of 0.1 dB. This cor- 
rection factor is always added to the measured 
signal. Hence, 3.5 0.1 * 3.6 dB, corrected 

jneter reading. , 

3-38. MODEL 415E NOISE figure'^ J i 

3-39. Figure 3-9 illustrates a typical value of 
Noise Figure that would be encountered in a 
Model 41 5E. The following example of Model 
415E noise figure measurement is presented to 
illustrate the particular considerations that must 
be made to calculate instrument noise figure. 

a. Calculate the meter indication when a 5000 
ohm resistor is connected as a source, assuming 
the Model 415E is noiseless (0 dB noise figure)^ 

b. Any excess indication f pf 415E meter is 
then one-half its noise figure. 

c. Calculation example: 

1. Assume 415E with controls set for the 
following conditions. XTAL IMPED HIGH (input 
impedance 200K), 1 i^Vrms sine wave at input 
causes full scale deflection (0 on 0 to 10 dB 
scale), 130 Hz bandwidth at 3 dB pxiints (1.5 dB 
points on Model 415E meter which is calibrated 
for square-law. Noise equivalent bandwidth is ir/2 
times 3 dB bandwidth.) 
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SOURCE IMPEDANCE IR, I 



Vn~ 2 y (1.38 X /O'” ) 295 (J30 x rr/2) fSOOO) 
Vn - 0.J29 X ;0-‘ volts » 0.129 ^V 

3. The 0.129 pV open circuit voltage is 
reduced to 0.126 mV by the 200K ohm input Re- 
sistance of the 415E which is assumed to be 
noiseless. 

4. 0.126 is 18.0 dB below I mV but 
square-law calibrated meter of the 415E, set as 
above, would indicate one-half of 18 dB or 9.0 

. dB* below full scale. Also, since the 415E meter is 
r average-reading and calibrated to read rms value 
of a sine wave, it reads 1.05 dB below the rms 
value of Gaussian noise. Therefore, the 41 5E 
reads one-half of 1.05 dB or 0.525 dB less than 
9.0 and the 415E would read 9.525 dB with a 
5000 ohm resistor conpected to the input as 
described. Hence, a 7.625 dB (9.525 + 2) meter 
reading indicates a 4 dB noise figure. 




Figure 3 9 Noise Figure Curivs 



2. The open-circuit noise voltage across a 
5000 ohm ;esistor at 295'" K (22^ C) in a band- 
width of (130 times nl2) Hz is as follows: 



3-40. SPECIAL APPLICATIONS 

3-41. The Model 415E is equipped with outputs 
which allow applications other than as a meter 
indicating device for SWR or attenuation. 

3-42. The Mode! 415E is especially useful as a 
tuned amplifier in a measurement setup using an 
oscilloscope and a sweep oscillator. Sweep speeds 
may be increased (over the speeds using a ratio 
meter in a reflectometer system) and the Model 
415E, used as a high gam amplifier, provides the 
requifed sensitivity.* The AMPLIFIER OUTPUT 
(ACy IS often more useful for this purpose than 
the. RECORDER OUTPUT (DC) since the IX’ 
output IS filtered to reduce ripple and its re- 
sponse IS too slow to make full use of ma.ximum 
bandwidth 

3-43. On extreme sensitivity oscilloscope set- 
tings, the 1000 Hz frequency of the 415E may 
feed through, obscuring the true indication A 
1000 Hz filler is needed in this case, as shown in 
Figure' 3-10, This filter should be installed be- 
tween the output amplifier Q12. Q13. and the 
A4 ’power switch assembly. Note that the 1 mI" 
capacitor U26 is A3C26 on the A3 circuit board.. 
It replaces a 6.8 mF capacitor. Also note addi- 
tional 50 mF capacitor across the meter to 
smooth out any ripple 



Vn~ 2 sTkTBR 



•S*« HP AppUc«li«»n 6b 
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SECTION IV 

PRINCIPLES OF OPERATION 

a meter calibrated for use with square-law detec- 
tors. With bolometer or biased crystal operation^ 
the Model 415E supplies the appropriate bias cur- 
rent. Figure 4-1 is a block diagram which illus- 
trates instrument operation. /Refer also to the 



-y. GENERAL 

4-2. The 415E is a high-gain tuned amplifi^ 
which Utkes an input from a bolometer, cry.stal, 
or any audio source, amplifies it and applies it to 



I INPUT I 
AlSl 




r 






Figure 4-1. Block Diagram 
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schematic diagrams, Figures 5-10 and 6-11 which 
fold out of the manual for easy reference. 

4-3. INPUT CIRCUITS 

4-4. The input voltage is first routed throu^ 
INPUT switch, AlSl. In the HIGH position it is 
applied directly to the first section of the range 
attenuator, A2S1. When the INPUT switch is set 
to any other position‘but HIGH, the input signal 
passes through transformer T1 whose turns ratio 
provides a 50 to 1 impedance transformation, 
converting a 60 w 200 ohm source to 2500 to 
10,000 ohms (which is the range of best noise 
fi^ for the INPUT AMPLIFIER). 

4-5. Range Attenuator 

4-6. The signal from AlSl is fed to the first 
section of the RANGE-DB switch, A2S1, and 
then to the input amplifier. The second section 
of A2S1 is located between the input amplifier 
and the second amplifier. The RANGE-DB switch 
positions are marked in 10 dB steps. 

4-7. Input Amplifier 

i 

4-8. After passing through the first section of 
the range attenuator, A2S1, the signal goes to the 
input amplifier (A3Q1/Q2/Q3/Q4) which consists 
of four transistors in cascade. The input signal is 
applied to the base of A3Q1 and the final ampli- 
fier signal is taken from the collector of A3Q4. 
The GAIN fed VERNIER controls are associated 
with this amplifier and vary its gain over a range 
of more than 10 to 1. GAIN control Rl, the 
coarse control, is a 260K ohm variable resistor 
which adjusts the amount of negative feedback 
from the collector of A3Q4 to the emitter of 
A3Q1. VERNIER control, R2, is a fine gain con- 
trol and changes gain by inserting 0 to 5000 
ohms in series with the output signal. 

4-9. Second Amplifier 

4-10. Transistors A3Q5 and A3Q6 amplify the 
signal^^l^m the second section of the range atten- 
uator. AC feedback provides gain stability and 
high input impedance. The output of the ampli- 
fier is applied through the EXPAND attenuator 
A2S2, to the third amplifier A3Q8 and A3Q9. 

4-11. Expand Circuit 

4-12. The function of the EXPAND switch 
A2S2, is to allow any signal level to be measured 
on an expanded scale with continuous coverage 
while maintaining the original reference level. 
Expansion is accomplished by applying a precise 
amount of DC-offset current from A3Q17 to the 
meter and simultaneously increasing the signal to 
the third amplifier. This increased gain allovrs a 2 



dB change in signal level to deflect the meter 
across its full scale. The offset current places the 
zero signal indication off scale to the left. 

4-13. FREQUENCY SELECTIVE CIRCUITS 

4-14. The frequency response of the third ampli- 
fier, A3Q8 and A3Q9, is shaped by negative feed- 
back. The feedback path includes a Wien-bridge 
and amplifier A2Q7. At the null frequency of the 
Wien-bridge, the negative feedback path is open 
*and the gain of the amplifier is maximum. Off 
center-frequency the negative feedback through — 
the Wien-bridge reduces gain. The amount of the 
off resonance gain reduction depends on the 
setting of the BANDWIDTH control, R3. 

4-15. The Wien-bridge is adjusted for a sharp 
null at center frequency with BRIDGE STABII^ 
ITY ADJUST A3R29. Actually, this control is set 
for a very slight bridge unbalance to produce just 
enough positive feedback so that signal current to 
the base of A3Q8 is supplied mainly by A3Q7. 
Thus, at resonance, negligibl^ignal current flows 
through BANDWIDTH control, R3, and gain is 
independent of its setting. Center frequency is set 
by varying resistors R4 and R6 (these resistors 
are ganged and comprise the front panel FREQ 
control). 

4-16. FINAL AMPLIFIER 

4-17. The output amplifier consists of four tran- 
sistors. The two output transistors, A3Q12 and 
A3Q13, operate us a push-pull class B amplifier 
with both collectors AC grounded. The emitters 
of these transistors are tied together and the AC 
amplifier output is taken from this p>oint through 
a coupling capacitor, A3C28. Large negative feed- 
back makes the gain of the output*«fpplifier very 
nearly unity. Th? AC output voltage is developed 
across resistor S3R51: the current through 

A3R51 is supplied by A3Q12 and A3Q13 con- 
ducting, one at a time, on alternate half cycles 
(Class B operation) and the output signal sine 
wave is a composite of this half-cycle operation. 

In addition, the collector current of A3Q12 can 
drive the meter directly. No rectifier diodes are 
needed. This meter driving current is filtered by 
capacitor A3C26 and passes through the meter 
and a 1000 ohm resistor, R6, to develop a DC 
voltage for the recorder output. 

4-18. GROUND LOOPS 

4-19. The grounding technique used in the 416E 
consists of an input connector ground, a circuit 
board ground, and output connector grounds. 
These are floating grounds that are tied together 
and isolated from chassis ground except for a 
46.4 ohm resistor, R7, and a 0.05 uF capacitor, 
Cl, connecting ground and chassis. A solid con- 
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nection to chassis-or-earth ground permits 
troublesome ground loop currents to flow causing 
erroneous instrument operation. For this reason, 
connecting grounded instruments to the 416E 
output connectors can cause erroneous readings. 
Most recorders and oscilloscopes that might be 
used with the 416E outputs have differential 
inputs available with neither side grounded (see 
paragraph 341). 

4-20. INPUT IMPEDANCE 

4*21. The Model 415E is designed to have an 
input impedance much higher than that of any 
crystal detector or bolometer normally used witli 
it. This results in lower noise figure and the high- 
est possible input signal to the 416E. For. ex- 
ample, with the 415E INPUT switched to LOW, 
the input impedance is approximately 2000 ohms 
while the output or source impedance of a 
bolometer is approximately 200 ohms. 

4-22. This high input impedance effectively 
nearly doubles the output voltage of a source 
compared with an amplifier which matches the 
source resistance. It should be emphasized that 
the transformer turns ratio in the 415E is chosen 
for lowest noise figure rather than to match 
impedances. 

4-23. INPUT BIASING 

4-24. When the 415E input switch is set to one 
of the biased positions V^TAL IMPED/B.IASED, 
or 4.5 MA or 8.7 MA). a bias source is connected 
ih series with INPUT connector. An emitter fol- 
lo)ver, AlQl, in this bias current provides bolom- 
eter protection by limiting transients when a 
bolometer or crystal detector is connected or 
disconnected. Three calibrated levels of h’as are 



available: 1 volt into 1000 ohms (XTAL IMPED/ 
BIASED), or 4.6 ma and 8,7 ma into 200 ohms, 
selected with the INPUT switch, AlSl. These 
bias levels are set within ±3%, by adjusting the 
DC voltage potential of the positive power supply 
with resistor S3R64. A single adjustment suffices, 
since one percent resistors accurately determine 
the ratios between the three bias levels. The posi- 
tive DC voltage is typicallj 13.2 volts DC but 
may be as low as ■►12 volts DC or as high as +14 
volts DC for proper adjustmei t. 

4-25. POWER SUPPLY 

4-26, The regulated power supplies are fed by 
either an internal battery, BTl (Option 01, 001 
instruments only), or a conventional AC supply 
consisting of transformer T2 and rectifier diodes 
A3CR4 and A3CR6. The power supply must 
provide two regulated outputs: +13 volts and 
—1.71 milliamperes offset current. The voltage 
reference diode A3CR10 (temperature compen- 
sated by diodes A3CR7 and A3CR8) and transis- 
tor A3Q17 form a constant-current source to 
provide the offset current. The voltage reference 
diode A3CR10 and transistor A3Q16 form a 
shunt-type regulator maintaining a nominal —7.6 
volts. 

4-27. In the LINE/ON position, about; 3 ma 
trickle charge is supplied through A3R52 to the 
battery BTl (Option 01, 001 only). If the 
POWER switch is set to BATTERY/ON position, 
battery current passes through diode A3CR6 to 
the regulators. The BATTERY /CHARGE position 
allows recharging of the battery by placing 
A3 Rq 2 and A4R2 in parallel. About 20 ma to 30 
ma then flows to the battery depending upon the 
charge ^condition of the battery. 
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^ SECTION V 
MAINTENANCE 



5-1. INTRODUCTION 

5-2. This section provides instructions for per- 
formance testing, calibrating, troubleshooting and 
repairing the SWR Meter. 

5- 3. PERFORMANCE TESTING 

54. Purpose. The procedures listed in Table 

6- 2 check 41 6E performance for incoming inspec- 
tion. periodic evaluation, calibration, and trouble- 
shooting. The tests can be performed without 
access to the instrument interior. The specifi- 
cations of Table 1-1 are the performance stand- 
ards. 

5-5. Test Equipment Required. The test instru-^ 
ments and accessories required to make the per- 
formance checks are listed in Table 5-1. Test 
instruments other than the ones listed can be 
used provided their performahce equals or ex- 
ceeds the Minimum Required Specifications. 

5-6. Isolating Attenuator. In order to obtain 
accurate results when checking the Model 416E, 
it is necessary to maintain some attenuation 
between the source and the INPUT to compen- 
sate for a source impedance different from the 
calibrated attenuator used. The attenuator recom- 
mended for test and adjustment and performance 
testing has an impedance of 50 ohms. Therefore, 
a 5 to 10 dB, 50 ohm attenuator is suggested to 
be placed between the oscillator and the attenua- 
tors used in the test setup (Table 5-2). If a sep- 
arate attenuator is not used, then one of the 
Model 355 Attenuators may be left in the setup 
set to 5 or 10 dB, or use an impedance matching 
transformer. 

5-7. CALIBRATION 
5-8. General 

5-9. The following procedures outline the adjust- 
ments necessary to calibrate the Model 415E. The 
actual adjustments should be made only when it 
is determined that the instrument is not operating 
properly. To determine proper performance, see 
Table 5-2. If the instrument fails to meet any of 
the given limits or indications, refer to the 
troubleshooting paragraph 540 for possible 
causes and corrective action. This procedure is 
sequential to some extent. The bias supplies 
should be set before any attempt to adjust the 
amplifier. Also check the mechanical meter ad- 



justment before checking any indication on the 
Model 415E meter. 

NOTE 

To avoid errors due to possible 
ground loop current? isolate the 
Model 41 5E from ground used for 
other measuring instruments. It may 
be necessary to use adapters to un- 
ground all Instruments except the 
Model 41 5E. 

5- 10. Mechanical Meter Adjustment 

6- 11. When the meter is properly adjusted, the 
pointer rests over 2 on the 0 to 2 dB scale, when 
the instrument is (1) at normal operating temper- 
ature. (2) in its normal operating position, and 
(3) turned off. Set the pointer as folkpvs to ob- 
tain best accuracy and mechanical stability. 

NOTE 

If meter pointer ‘ adjustment is 
changed, EXPAND tracking (para- 
graph 5-16) must be checked and ad- 
justed, if necessary. 

a. Turn iijstrument off.- 

b. Rotate mechanical zero-adjustment screw 
clockwise until meter pointer is to left of 2 (on 
the 0 to 2 dB EXPAND scale) and moving to the 
right toward 2. 

c. Continue to rotate adjustment screw clock- 
wise; stop when the pointer is exactly on 2. If 
the pointer overshoots 2, repeat steps b and c. 

d. When the pointer is exactly on 2, rotate 
the adjustment screw approximately 15 degrees 
counterclockwise. This is enough to^ free the ad- 
justment screw from the meter suspension. If the 
pointer moves during this step, repeat steps b 
through d. 

5- 12. Bias/Power Supply Adjust 

6- 13. This adjustment sets the bias supply cur- 
rent and voltage levels which are supplied to the 
INPUT connector for use with bolometers or 
biased crystal detectors. This adjustment is ac- 
Smpljshed by adjusting the potential of the posi- 
tive riC power supply to an optimum value. The 
positive DC power supply Is typically set to +12 
volts or as high as +14 volts DC. 
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Table 5-1. Recommended Test Equipment (I of 2) 



Instrument 

Type 


^Minimum Required Specifications 


USE/Check 


Recommended 

Model 


Audio Oscillator 


Vrequency Range: 400 to 2500 Hz 

Accuracy t3% 

OutputT^O volts Into 600 ohms 
Dbtortl^ny^ less than 1% 


All Performance 
Tests 


HP 200CD 


Electronic 

Counter 


Frequency Range; 400 to 25d0 Hz 
Accuracy: it count ±0.01% 


Frequency and 
Bandwidth 


HP 5512A (or 
5212A) 

i.i ■' ^ 


AC Voltmeter 


Voltage Range: O.l to 1 volt 
Accuracy; ±1% of full scale 
Frequency Range: 400 to 2500 Hz 

Input Impedance: 10 megohms 


Sensitivity and 
Noise 

to 


HP 400H 


DC Voltmeter 


Voltage Range: ±0.1 to ±30 volts 
Input Impedance: 10 megohms 

Accuracy: ±1% of full scale 


Sensitivity and 

Noise and Gen- 
eral Purpose 

Circuit Voltage 
Checks 


HP 412A (or 
3440A with 

3443A plug-in) 


Attenuator Vari- 
able 


Range: at least 130 dB In 10 and 1 
dB steps 

Accuracy: Calibration must be 

known to ±0.02 dB for 1 dB steps 
to ±0.017 dB fdr first 20 dB step. 
±0.03 dB for second 20 dB step, 
and ±0.05 dB for subsequent 20 dB 
steps. 


EXPAND and 

RANGE alien- 
ualor accuracy 

/ , 

/ 


HP 355C .and 
355 D, 'with 

calibration 
error chart 


Feed-Thru Termi- 
nations 


Value: 5000 ohms ' 

Accuracy: 10% 


Noise 


Shielded body: 
HP 11523-600 
Resistor: 

HP 0683-6125 


Value: 100 ohm 

Accuracy: 10% (lOlOOB) 


Noise 


HP lOlOOB 


Value: 50 oTim 
Accuracy: 10% 


EXPAND and 

RANGE atten- 
uator accuracy 


HP lOlOOA 


. Oscilloscope 


Vertical Sensitivity; 0.2 mV/cm up 
lo20V/cm I 

Bandwidth: Adjustable fromMO kHz 

to 400 kHz 

Sweep Time; 0.2 msec/cm to 5 
msec/cm 

In^^t: AC coupled, floating (non- 

grounded) 


General purpose 
check and 

troubleshooting 


HP 140A (osci- 
lloscope with 
HP 1420A 

(lime base plug- 
in) and HP 
1400A (differ- 
ential amplifier 
plug-in) 


Adapters and 
Cables 

> 


BNC Female-to-Female Adapter (one 
required) 


All Performance 


HP 1250-0080-9 
(UG-914/UN) 


BNC t<f Dual Banana Adapter Post 
(two required) 


All Performance 


HP lOnOA 


Maie-to-Male BNC 50 ohm cable (one 
required) 


Bandwidth 


HP 10502 A 
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Table 5^1 . Recommended Test Equipment (2 of 2) 





^ Minimum Required SpeciflcatloRS 


' USE/Check 


Recommended 

Model 


1 


Dual Banana-to-Dual Banana Plugs on 
a 60 ohm cable (one required) 


All performance 
checks 


Iff IIOOOA 


Dual Banana-to-BNC Male (two re- 
quired) 


Performance 


HP IIOOIA 


Straight-through Voltage Probe (thin, 
flexible probe with small push but- 
ton plncer jaws). Shunt capacity of 
ISO pF ~ terminated in shielded 
dual banana plug. 


General purpose 
use with oscil- 
loscope 


HP 10025A 



a. Remove top and left side covers. 

b. Connect a dual banana plug-to-male BNC 
connector. Connect a 200 ohm resistor between 
terminals of dual banana plug and connect to 
INPUT. 

c. Connect a DC voltmeter across the 200 
ohm resistor. 



d. Turn 416E on and set INPUT switch to 
BOLOMETER/8.7 MA. The DC voltmeter reading 
should be between 1.80 and 1.68 volts DC/U 
necessary, adjustment is made with variable resis- 
tor A3R54 (see Figure B-9). < 

e. Switch 415E INPUT switch to BOLOM- 
ETER/4.6 MA. The DC voltmeter should read 




-Figure 5-i. Test Setup 
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Table 5-2. Performance Teats (1 of 5) 



1. SENSITIVITY:. 0.15 #iVrnia at maximum bandwidth (1 ^Vrms on HIGH impedance Crystal 
input): ^ 


Procedure 


Readings 


a. Connect equipment as shown in Figure 


Min Actual Max 


6-1 (omit 366D attenuator). 






0.1 5 Vrms 


b. Set 415E to NORM. 0 dB. LOW. ON, 




with GAIN. VERNIER, and BANDWIDTH 


1 .0 Vrms 


controls full clockwise. 




c. Set audio oscillator to 1000 Hz. 




d. Adjust 416E FREQ to peak meter 


* 


(needle to right). 




e. Adjust oscillator output for 0 dB 415E 




meter reding. 




f. The AC voltmeter should read 0.15 volt 




rms or less. (This corresponds to a sensitivity 




of 0.15 mV rms or greater on 60 dB range). 




g. Switch 415E INPUT to HIGH and adjust 




oscillator output for 0 dB 415E meter reading. 




h. The AC voltmeter should read 1.0 volt 




rLiS or less. (This corresponds to a sensitivity 




of 1,0 mV rms or greater on 60 dB range.) 




2. NOISE. At least 7.5 dB below full scale at rated sensitivity and jnaximum bandwidth with 


Inpyf terminated in optimum source impedance. 


Procedure 


Readings 


a. Connect equipment as shown in Figure 


Min Actual Max 


5-1 (omit 355D from setup). 






fHiahi “7.2 dB 


b. Set 415E to NORM, 0 dB. HIGH and 




ON with GAIN. VERNIER. FREQ and BAND- 


( I.OW) “7.5 dB 


WIDTH controls full clockwise. 




c. Set 355C to 0 dB and tune oscillator to 




peak 415E. 




d. Adjust oscillator output for 1.0 Vrms^ 




AC voltmeter reading. 




e. Adjust 41 BE GAIN for 0 dB meter read- 




ing and remove connections from 41 BE. 




f. Connect special BOpO ohm feedthru terra- 




Inatlon to INPUT (see Procedure 6 of this 




table). 
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Table 5-2. Performance Tests (2 of 5) 



g. Set 415E RANGE-DB to 60. The average 
noise level indicated by meter pointer should 
be at least 7.6 dB down from 0 on the 0 to 10 
dB scale. 

h. Switch INPUT to LOW and repeat steps 
b and c above. 

i. Adjust oscillatot output for 0.5 Vrms AC 
voltmeter reading. 

j. Adjust 415E GAIN for 0 dB meter read- 
ing and remove connections to 415E. 

k. Connect Model lOlOOB feedthru termi- 
nation to INPUT. 

m. Repeat step g above. The average noise 
level should be 7.5 dB down from 0 on 0 to 
10 dB scale. 


N 


3A. RANGE ACCURACY: ±0.05 dB/10 dB step; maximum cumulative error ±0.10 dB 


Procedure 

a. Connect 415E as shown in Figure 5-1 
(omit counter and AC voltmeter). 

b. Set 415E to ON. LOW, 0 (RANGE-DB). 
0 (EXPAND), with GAIN full counterclock- 
wise. 

c. Set 355C to 5 dB and 355D to 0 and 
adjust oscillator frequency for peak 415E 
meter reading. 

d. Adjust oscillator output and 41 5E VER- 
NIER for 1 dB meter reading on 0 to 2 dB 
scale. 

e. Switch 355D to 20 dB and 415E 
RANGE-DB to 10. The 415E meter reading 
should be 1.0 ±0.05 dB (see Note 1). 

f. Switch 3550 to 40 dB and 415E to 10. 
415E should read 1.0 ±0-1 dB. 

g. Switch 3550 to 60 dB and 415E to 30. 
415E should read 1.0 ±0.1 dB. 

> h. Switch 355D to 40 dB and set 415E 
GAIN control to minimum. Adjust oscillator 
for 1.0 reading on 415E meter. Switch 415E 
to 40 dB and 355D to 60. 415E should read 
1.0 ±0.1 dB. - 

i. Switch 355D to 80 dB and 415E to 50. 
415E should read 1.0 ±0.1 dB. 

j. Switch 355D to 100 dB and 415E to 60. 
415E should read 1.0 ±0.1 dB. 


Readings 

Min Actual Max 

9 95 HR innSriR 

19.9 ^dB 5>n 1 rlR 

29.9 dB .30.1® HR 

39.95 HR ' 40 05 HR 

49 9 HR SO 1 HR 

59 9 HR fiO 1 HR 
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Table 6-2. Performance Tests (3 of 5) 



3B. EXPANDED RANGE ACCURACY: Maximum cumulative error between any two 2 dB .steps: 
. ±0.05 dB accuracy on any 0 to 2 dB scale: tp.0g.dB 



/ 



Procedure: 

a. Set 415E as in steps a and b of proced- 
ure 3A above. 

b. Set 355D to 10 dB and 356C to 0 dB. 
(See Note 1.) 

c. Adjust oscillator output and 416E VER- 
NIER tA 0 dB meter reading on 0 to 2 dB 
scale. 

d. Switch 355G from 0 to 4 dB in 1 dB 
steps. The Mode! 415E meter reading should 
be as given below: 



Model 355C 

1 dB 

2 dB 

3 dB 

4 dB 



Model 415E 
0.^t0.02 dB 

1.0 rO.02 dB 
1.5 i0.b2 dB 

2.0 t0.02 dB 



e^ Change 355C to 0, adjust 200CD for 
415E reading of 1.0 on 0 to 2 dB scale. 
Change EXPAND to 2 and 355C to 4. The 
Model 415E should indicate 1 t0.05 dB on 0 
to 2 dB scale. 

f. Change 355C to 8 dB and EXPAND to 
4. The 416E should read 1 t0.05 dB. 

g. Switch 355D to 20 dB and 355C to 2 
dB and EXPAND to 6. The 415E should read 
lt0.05dB. 

h. Switch 355C to 6 dB arid EXPAND to 
8. The 415E should read 1 t0.05 dfi. 



Readings 



Min 


Actual 


Max 


0.48 dB 




0.52 dB 


0.98 dB 




1.02 dB 


1 .48 dB 




1.52 dB 


1.98 dB 




2.02 dB 


1.95 dB 




2.05 dB 


3.95 dB 




4.05 dB 


5.95 dB 




6.05 dB 


7.95 dB 




8.05 dB 



1 



\ 
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Table 5-2. Performance Testa (4 of 5) 



4. INPUT FREQUENCY: 1000 Hz. adjustable 7% (±35 Hz) 


• 




Procedure 


Readings 






a. Connect equipment as shown in Figure 
5-1 (omit 355D and AC voltmeter from setup). 


Min 

1020 Hz 


Actual 


«ax 


b. Set 355C to 10 dB. 






980 Hz 


c. Set 416E to LOW. ON 0 (EXPAND), 
with GAIN. FREQ and VERNIER full clock- 
wise. 


Actual 


Actual 

B 


Diff 


d. True oscillator to peak 415E (meter 
needle to right). Record counter reading. 

e. Turn f*REQ full counterclockwise. 


Difference « >70 Hz 




f. Tune oscillator to peak 415E, Record 
counter reading. The difference between the 
recorded frequency readings of steps d and f 
must be at least 70 Hz and 1000 Hz must fall 
between the two frequencies. 








5. BANDWIDTH; Variable 15 to 130 Hz. 


Procedure 


Readings 






a. Connect equipment as shown in Figure 
5-1 (omit 355D and AC voltmeter). 


Actual — Actual = 

j 


Difference (<15 Hz) 


b. Set 415E to LOW. ON. NORM, 0 
(RANGE-DB). with GAIN and VERNIER fuU 
clockwise. 


Actual — Actual = 


Difference (>130 Hz) 

1 


c. rum BANUWlU'l’H full counterclock- 
wise. 








d. Tune oscillator to peak 415E. 




* 




e. Switch 415E EXPAND to 0 and retune 
oscillator to be sure that 415E is peaked at 
center frequency. 


/ 


I 




f. Adjust GAIN control for a 0 dB meter 
reading. 


• 




g. Tune oscillator slightly off tuned fre- 
quency causing meter reading to drop to ex- 
actly 1.5 dB and record counter reading. 








h. Tune oscillator back to tuned frequency 
and then off to other side of tuned frequency 
causing meter reading to drop to exactly 1.5 
dB. Record fcoihiter reading. 

"•‘\r ■ .. ' 
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Table 5-2. Performance Tests (5 of 5} 



i. The difference between the readings of 
steps g and h should be 15 Hz or less. 

j. Tune BANDWIDTH full clockwise and 
retune oscillator for peak 415E meter reading. 

k. Repeat steps f, g. and h above. 

m. The difference between the recorded 
frequency readings, this time, should be 130 
Hz or greater. 



6, SPECIAL 5000 OHM FEEDTHRU TERMINATION: In order to measure the 415E operating 

noise level, a special load must be used to terminate the INPUT in its optimum source impedance. 
For the LOW impedance INPUT, the HP Model lOlOOB (100 ohms) should be used. For the HIGH 
impedance INPUT, a special 5000 ohm termination must be built as deUiled below (see Table 5-1 
for part numbers). 




Procedure 

a. Refer to cut away view to left. Unscrew 
male BNC and lockwasher from housing by 



ONTACT SPRING 



LOCK WASHER 




LOCK WASHER 
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between 0.93 and 0.87 volt DC. If necessary, 
adjustment is made with A3R64. 

1. Remove 200 ohm resistor from adapter and 
replace with a 1000 ohm 1% resistor. Switch IN- 
PUT switch to XTAL IMPED/BIASED. The DC 
voltmeter should read between 1.03 and 0.97 volt 
DC. If necessary, adjustment is made with 
A3R54. 

/ 

g. Since one adjustment sets the bias level for 
all three of the bias supplies, measurement steps 
d, e and f must be repeated after any adjustment 
is made. 

h. Remove DC voltmeter leads from 415E 
INPUT connector and measure DC potential at 
BATT + terminal of 415E circuit board assembly 
(circuit board socket and terminals are located 
beneath instrument top cover). DC potential 
should be between +12 and +14 volts (typically 
+ 13.2 volts DC). 

NOTE 

For all DC voltage measurements, 
voltmeter common lead should be 
connected to black terminal of rear 
panel AMPLIFIER OUTPUT connec- 
tor. This is instrument ground. 

S-14. Stability Adjust 

5-15. This adjustment sets the 415E so that a 
change in operating bandwidth will not affect any 
meter reading by more than 0.5 dB. 

u. Turn 415E on and set as follows: 



INPUT HIGH 

RANGE-DB 0 dB 

EXPAND NORM 

GAIN full CW 

BANDWIDTH full CW 

FREQ approximately centered 



b. Connect an audio oscillator to the INPUT 
of 415E and adjust the output frequency and 
amplitude for a nearly full-scale reading. 

c. Adjust 415E FREQ control to be sure that 
instrument is' tuned to center frequency of input 
signal (maximum meter pointer deflection toward 
right side of instrument). 

d. Switch EXPAND switch to 0 and using the 
GAIN control, set a reference of 1 on the 0 to 2 
dB scale. 

e. Turn the BANDWIDTH from fully clock- 
wise to fully counterclockwise and retune. The 
meter reading change should not be more than 
0.5 dB. 

f. If the change in^pieter reading is greater 
than 0.5 dB, adjust A3R29 (see Figure 5-9) and 



repeat step e until the meter reading change is 
less than 0.5 dB. 

5-16. Expand-Normai Adjust 

5-17. The meter, Ml, requires a special offset- 
current supply when using an EXPAND switch 
setting other than NQRM. This current supply 
provides the zero reference signal to the meter 

and is adjusted as follows: 

*• . • 

a. Perform steps a through d of Procedure 3B 
in Table^5-2. 

b. If the meter tracking error is greater than 
t0.02 dB, adjust A3R57 (see Figure 6-9) and 
repeat measurement until meter tracking error is 
less than t0.02 dB. 

5-18. REPAIR AND REPLACEMENT 

5-19. Certain procedures and precautions must 
be followed when repairing or replacing any com- 
ponent of the Model 415E. Most of the amplifier 
and power supply circuit components are located 
on the etched circuit board. Instructions for 
working on the etched circuit board are summar- 
ized in paragraph 5-20. Always disconnect the AC 
or battery power before replacing or soldering 
any parts. Instruction for removal and replace- 
ment of switches is detailed in paragraph 5-27. 

5-20. ETCHED CIRCUITS 

5-21. The etched circuit board in the SWR 
Meter is of the plated-through type consisting of 
metallic conductors bonded to both sides of in- 
sulating material. Soldering can be done from 
either side of the board with equally good results. 
Table 5-3 lists required tools and materials. Fol- 
lowing are recommendations and precautions 
pertinent to etched circuit repair work. 

a. Avoid unnecessary component substitution: 
it can result in damage to the circuit board and/ 
or adjacent components. 

b. Do not use a high-power soldering iron on 
etched circuit boards. Excessive heat may lift a 
conductor or damage the board. 

c. Use a suction device (Table 5-3) or wooden 
toothpick to remove solder from component 
mounting holes. Do not use a sharp metal object 
such as an awl or twist drill for this purpose. 
Sharp objects may damage the plated-through 
conductor. 

d. After soldering, remove excess flux from 
the soldered area and apply a protective coating 
to prevent contamination and corrosion. See 
Table 5-3 for recommendations. 



5-9 




Maintenance 



Model 415E 



Table 6-3. Etchea^rcuit Soldering Equipment 



Item 


Use 


ri 

Specification 


Item Recommended 


Soldering Tool 


Soldering 

Usoldering 


Wattage Rating: 37 .5 W 
Tip Temperature: 750 — 
800* F 

Tip Size: 1/8 inch OD 


Ungar No. 776 Handle with 
Ungar No. 1237 Heating 
Unit 


Soldering Tip, 
general pur- 

pose 


Soldering 

Unsoldering 


Shape: chisel 
Size: W&inch 


Ungar No. PL113 


De-soldering aid 


Unsoldering multiconnec- 
tion components (eg., 
tube sockets) 


Suction device to remove 
molten solder from connec- 
tion 


Soldapuilt by the Edsyn 
Company. Arleta, Calif. 


Resin (flux) sol- 
vent 


Remove excess flux from 
soldered area before ap- 
plication of protective 
coating. 


Must not dissolve etched circuit 
base board materia) or con- 
ductor bonding agent 


Freon 

Acetone 

Lacquer Tlimner 
Isopropyl Alcohol (100% dry) 


Solder 


Component replacement 
Circuit board repair 
Wiring 


Kc^in (flux) core, high tin con- 
te.'.i (60/40 tln/Iead). 18 
gauge (SWG) preferred 




Protective Coat- 
ing 


Contamination, cc/rosion 
protection after solder- 
ing 


Good electrical insulation, cor- 
rosion-prevention properties 


GE Dri-Fllm 88, Genera) 
Electric Co., Silicone 
Products Dept. Waterford, 
N.Y. 



5-22. Component Replacement 

a. Remove defective component from circuit 
board. 

b. Remove solder from mounting holes using 
a suction desoldering aid (Table 5-3) or wooden 
toothpick. 

c. Shape leads of replacement component to 
match mounting hole spacing. 

d. Insert component leads . into mounting 
holes and position component as original was 
positioned. Do not force leads of replacement 
component into mounting holes. Sharp lead ends 
may damage plated-through conductor, 

NOTE 

Axial lead components, such as resis- 
tors and tubular capacitors can be 
replaced without unsoldering. Clip 
leads near body of defective com- 
ponent, remove component and 
^ straighten leads left in board. Wrap 
leads of replacement component one 
turn around original leads. Solder 
wrapped connection and clip off 
excess lead. 



5-23. Etched Conductor Repair. • A broken or 
burned section of conductor can be repaired by 
bridging the damaged section with a length of 
tinned copj^er wire. Allow adequate overlap and 
remove any varnish from etched conductor before 
soldering wire into place. 

5-24. Transistor Replacement 

a. Do not apply excessive heat. See Table 5-3 
for soldering tool specifications. 

b. Use a heat sink such as pliers or hemostat 
between transistor body and hot soldering iron. 

c. When installing a replacement transistor, 
ensure sufficient lead length to dissipate heat of 
soldering by maintaining about the same length 
of exposed lead as used for original transistor. 

5-25. Diode Replacement 

5-26. Solid state diodes are in many physical 
forms. This sometiipes results in confusion as to 
which lead or connection is for the cathode (neg- 
ative) or anode (positive), since not all diodes 
are marked with the standard symbols. Figure 5-2 
shows examples of some diode marking methods. 
If doubt exists as to polarity, an ohmmeter may 
be used to determine the proper connection. It is 
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Figure 5-2. Examples of Diode Warfein^ Methods 



necessary to know the polarity of the oljm lead 
with respect to the common lead for the ohm- 
meter used. {For the HP Model 410B Vacuum 
Tube Voltmeter, the ohm lead is negative with 
respect to the common; for the HP Model 412A 
DC Vacuum Tube Voltmeter, the ohm lead b 
positive with respect to the common.) When the 
ohmmeter indicates the least diode resistance, the 
cathode of the diode is connected to the ohm- 
meter lead which is negative with respect to the 
other lead . -A 

NOTE 

Replacement Instructions are the 
same as those listed for transistor 
replacement. 

5-27. Switch Repair or Replacement 

5-28. The EXPAND and RANGE switches are 
on the same assembly, as are the GAIN and 
VERNIER controls. These assemblies, along with 
the POWER switch and the INPUT switch, may 
be removed by first taking off all instrument 
covers and using the applicable instructions which 
follow. 



5-29. Gain/Vernier. Refer to Figure 5-3 and the 
schematic diagrams for component identification 
and location. 

a. Loosen setscrews in knobs and remove 
from shaft. 

b. Loosen and remove shaft nut from front 
panel. 

c. Pull assembly back and out of instrument 
removing lock washer and grounding lug from 
shaft. Also remove white GAIN/VERNIER in- 
struction plate from front panel. 

d. Unsolder connecting wires. Mark each to 
indicate whjph lugs to resolder wires to. 

e. Replacement is reverse of removal. 

5-30. RANQE-DB/EXPAND. Refer to Figure 
5-3 and the schematic diagram for component 
identification and location. 

a. Loosen setscrews in knobs and remove 
from shaft. 

b. Loosen and remove shaft nut from front 
panel. 

c. Loosen the BANDWIDTH potentiometer to 
allow the switch assembly to be pulled free of 
the front panel. 

d. Unsolder connecting* wires. Mark each to 
indicate which lugs to resolder wires to. 

e. Replacement is reverse of removal. 

5-31. INPUT, Refer to Figure 5-3 and the 
schematic diagrams for component identification 
and location. 

a. Loosen setscrews in knob and remove from 
shaft. 

b. Loosen and remove shaft nut from front 
panel. 

c. Pull switch assembly free from front panel 
and unsolder connecting wires. Mark each to in- 
dicate which lugs to resolder wires to. 

d. Replacement is reverse of removal. 

5-32. POWER. Refer to Figure 5-3 and the 
schematic diagrams for component identification 
and location. 

a. Loosen the two nuts holding circuit board 
in place and remove circuit board from instru- 
ment. 

b. Loosen setscrews in knob and remove from 
shaft. 
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Figure 5-3 Switch Component Location 



c. Loosen and remove shaft nut from front 
panel. 

d. Pull switch assembly free from front panel 
and unsolder connecting wires. Mark each to 
dicate which lugs to resolder wires to. 

e. Replacement is reverse of removal. 

5-33. Maintenance of Options 01, 001 and 0^^ 
002 

5-34. Operating instructions for Model 415E in- 
struraents %ith Option 01, 001 (internally in- 
stalled battery) and/or Option 02, 002 (rear panel 
input connector) are found in Section 111. Para- 
graph 1-6 explains what is covered by these two 
options. Inst^lation and removal instructions are 
given in the appendix at the rear of this manual. 

5-35. CHANGING OPERATING FREQUENCY 

5-36. In general, the frequency of the 415E can 
be changed over a range of 400 Hz to 2500 Hz 



with no degradation of performance. Operation at 
frequencies from about 300 Hz to 10 kHz can be 
achieved with some loss of gain and a poorer 
noise figure. Note also that the attenuator of the 
415E IS precisely calibrated only at I kHz; this 
calibration should hold up to 10 kHz. However, 
It is possible that some inaccuracies of the ex- 
tremely precise attenuator may occur. Changing 
the frequency of the 415E SWR Meter is rela- 
tively simple. Refer to Figure 5-11. This sche- 
matic contains the frequency determining bridge 
of the 415E. 

5-37. For small changes of the center frequency 
(t25%) it is possible to change only the v^ue of 
A3R34 and A3R33. The values of these two re- 
sistors are equal and are selected so that the 
correct frequency occurs when FREQ control R4 
is in the center of its range. To make it easier to 
select precise values, the printed circuit board has 
mounting holes to connect two resistors in par- 
allel for each of A3R33 and A3R34. In this way. 
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padding resistors can be used to make the precise 
values required. 

5-38. For larger frequency changes, it *ill also 
be necessary to change the values of A3C16 and 
A3C19. The frequency is inversely proprotionat 
to the value of these capacitors.' For a frequency 
of 10 kHz, change the value of these capacitors 
from 0.01 n? to 0.001 tiF. Use 1% mica capaci- 
tors; this is important so that the capacitors will 
be matched. If capacitors with poorer tolerances 
are used, try to select a pair with identical capaci- 
tances. Select new values for A3R33 and A3R34 
to trim the frequency to the exact value. 

5-39. The**^^e of A3C18 must also be changed 
to optimize the amplifier feedback for the new 
frequency. Thd value of this capacitor for a XO 
kHz bridge fr^uency should be about 180 pF. A 
10% mylar>capacitor is suitable for this capacitor. 

540. TROUBLESHOOTING 

541. Locatjstg Trouble 

542. Always start locating trouble with a 
thorough visual inspection for bumed-out or 
loose components, loose connections or any con- 
ditions which suggest a source of trouble. Check 
the fuse to see that it is not open. 

5-43. If trouble cannot be isolated to a bad 
component by visual inspection, the trouble 
should be isolated to a circuit section. Isolation 
to a circuit section can be accomplished by using 
the waveforms (Figures 54 through 5-7) and 
using the front panel performance tests (Table 
5-2). 

544. Power Supply Trouble 

545. Correct operation of the power supply is 
vital to proper operation of the SWR Meter. 
Noise or variation in the regulated voltages causes 
erratic instrument operation. Noise or variation in 
the offset current supply causes erratic op^ation 
when the 415E is used for expanded operation 
(i.e., EXPAND control set to any position other 
than NORM). Refer to paragraph 4-25 for a dis- 
cussion of power supply operation. 

546. Component Trouble Isolation 

5-47. The following procedures and data are 
given to aid in determining whether a transistor is 
operational. Tests are given for both in-circuit 



and out-of-circuit transistors and should be useful 
in determining whether a particular section 
trouble is due to a faulty transistor of an asso- 
ciated component. 

548. In-Circuit Testing 

549. The common causes of transistor failures 
are internal short- and open-circuits. In transistor 
circuit testing the most important consideration is 
the transistor base-emitter junction. Like the 
control grid of a vacuum tube, this is the opera- 
tional control point in the transistor. This junc- 
tion is essentially a solid state diode. For the 
transistor to conduct, the diode must conduct; 
that is, the diode must be forward biased. As 
with simple diodes, the forward bias polarit? is 
determined by the materials forming the juncuon. 
Use the transistor symbol on the schematic dia- 
gram to determine the bias polarity required to 
forward bias the base emitter junction. If the 
transistor base-emitter diode (junction) is forward 
biased the transistor conducts. If the diode is 
heavily forward biased, the transistor saturates. 
However, if the base emitter diode is reverse 
biased the transistor is cut off (open). The volt- 
age drop across a forward baised emitter base 
diode varies with transistor collector current. For 
example, a germanium transistor has a typical for- 
ward bias, base emitter voltage^of 0.2 — 0.3 volt 
when collector current is 1 — 10 ma. and 0.4 — 
0.5 volt when collector current is 10 — 100- ma. 
In contrast, forward bias voltage for silicon 
transistors is about twice that for germanium 
types; about 0.5 — 0.6 volt when collector cur- 
rent is low, and about 0.8 — 0.9 volt when coL 
lector current is high. 

V ■ 

5-50. When examining a transistor stage, first 
determine if the emitter base diode is biasbd for 
conductor (forward biased) by measuring the 
voltage difference between emitter and base. 
When using an electronic voltmeter, do not meas- 
ure directly between emitter and base; there may 
be sufficient loop current between* the voltmeter 
leads to damage the transistor. Instead, measure 
each voltage separately with respect to a voltage 
common point (e.g., ^hassis). If the emitter base 
diode is forward biased, check for amplifier 
action by short-circuiting base to emitter while 
observing collector voltage. The short-circuit elim- 
inates base emitter bias, and should cause the 
transistor to stop conducting (cut off). Collector 
voltage should then shift to near the supply 
voltage. Any difference is due to leakage current 
through the transistor and, in general, the smaller 
/ 
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this current, the better the transistor. If collector 
voltage do^ not change the transistor has either / 
an emitter (collector short-circuit or emitter base ' 
open-circuit. 

5-61. Out-of-Circuit Testing ^ 

^ 5-62. Tshe two common causes of transistor 

^ faijur4 w internal short- and open-circuits, 
^move the transistor from the circuit and use an 
ohmmeter to measure internal resistance. See 
Table 5-4 for measurement data. , 



CAUTION 

Most ohmmeters can supply enough 
current or voltage to damage a tran- 
sistor. Before using an ohmmeter to 
measure transistor forward or reverse 
resistance, check its open-circuit volt- 
age and short-circuit current output 
on the range to be used. Open-circuit 
voltage must not exceed 1.5 volts 
and short-circuit current must be less 
than 3 ma. See Table 5-5 for safe 
resistance ranges for some common 
ohmmeters. 



Table 5-4. Out-of-Circuit Transistor Resistance Measurements 







Connect Ohmmeter 




* 

Transistor Type 


Positive 
Lead to 


Negative 
Lead to 


Resistance 

(Ohms) 




Small Signal 


emitter 


ba.se* 


200 - 250 


PNP CJermanium 


emitter 


collector 


lOK -- lOOK 


Power 


emitter 


ba.se* 


V' 

30-50 




emitter 


collector 


several hundred 




Small Signal 


base 


emitter 


It; - 3K 


NPN Silicon 


collector 


emitter 


very high (might 
read open) 




base 


emitter 


200 - 1000 






collector 


emitter 


High, often 
greater than 
l.M 


•To lest 


for transistor action, add collector base short. Mea.sured resistance should decrease. 



i 
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Table 5*5. Ohmmeter Ranges for Transistor Resistance Measurements 



\ 

Ohmmeter 


Safe 

Range(s) 


open Circuit 
Voltage 


i / 

Short Circuit f 

Current y 


. Lead ] 


Color 


‘ I^}lailly 


HP 412A 


R X 


IK 


l.OV 


! ma 




• 




R X 


lOK 


l.OV 


100 MS 


Red 




HP 427A 1 


R X 


lOOK 


l.OV 


10 ^ls 


♦ 




R X 


IM 


l.OV 


Ipa 


Black 






R X 


lOM 


l.OV 


0.1 ^a 






HP 410C 


R X 


IK 


1.3V 


0.57 ma 








R X 


lOK 


1.3V 


57 pa 


Red 






R X 


lOOK 


1.3V 


5.7 pa 


* 




R X 


IM 


1.3V 


0.5 pa 


Black 






V 


lOM 


1.3V 


0.05 pa 






HP 410B 


R X 


100 


I.IV 


1.1 ma 








R X 


IK 


I.IV 


110 pa 


Black 






R X 


lOK 


I.IV 


11 pa 


+ 




R X 


lOOK 


I.IV 


1.1 pa 


Red 






R X 


1M« 


I.IV 


0.11 pa 






Simpson 260 


R X 


100 


1.5V 


» 1 ma 


Rrf- 


+ 




9 








Buck 


- 


Simpson 269 


R X 


IK 


1.5 V 


0.82 ma 


BUck 


■f 












Red 


— 


Triplett 630 

1 


R X 100 
R X IK 


1.6V 
1.5 V 


3.25 ma 
325 pa 


Varies with serial number 

A 


Triplett 310 


R X 
R X 


10 

100 


1.5 V 
1.5V 


750 pa 
75 pa 






r 



h. 




/ 




X. 
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XA3 PIN 7 
IMV P-P 
(BANDWIDTH 
40KHZ', sweep:- 
SMSEC/CM) 




XA3 PIN 5 
I.3MV P-P 
-24VDC 

(SWEEP: SMSEC/CM) 




XA3 PIN 6 
I.3MV P-P 
-24VDC 

(sweep: SMSEC/CM 




XA3 PIN 4 
76V P-P 
♦ 14VDC 

(sweep: SMSEC/CM 




XA3 PIN 3 
80V P-P 
♦ I4VDC 

(«WEEP:SMSEOtM) 



XA3 PIN 2 
7MV P-P 
♦ I3.2VDC 

(SWEEP: SMSEC/CM 







XA3 PIN I 
8MV P^ 

-I2.8VDC 

(SWEEP: SMSEC/CM 




XA3 PIN 9 
21 MV P-P ' 
-I2.8VDC 

(SWEEP: SMSEC/CM 



/ 



MEASUREMENT CONDITIONS (unless otherwise noted)* 

a. Model 416E set to HIGH. NORM. RANGE 0. BANDWIDTH clockwise. FREQ centered. 
GAIN and VERNIER counterclockwise, LJNE/ON. 

b. Model 140A with 1420A and 1400A set to 0.2 msec/cm. AC, 400 Hz. and appropriate 
vertical sensitivity. 

c. Model 200CD oscillator set to about 1000 Hz, and for 0 dB Model 415E meter reference. 

d. Model 412A DC voltmeter set to appropriate range. 

*AU measurement, made with respect to 415E common (black terminal rear panel AMPLIFIER 
OUTPUT connector). 



Figure 5-4. Power Supply Waveforms (AC Operation Only) 
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XA3 PIN 6 
IMV P.P 
-I2.6VDC 
(bandwioth:40khz) 




\ 

XA3 PIN I 
0.8MV P-P 
-I2.6V0C 

(bandwidth: 40KHz; 
sweep: IMSEC/CM) 



XA3 PIN 2 
0.8MV P-P 
♦ I3.2VDC 

(BANDWIDTH:40KHz, 
sweep: I MSEC/CM) 



MEASUREMENT CONDITIONS (unless otherwise noted)* 






a. Model 415E set to HIGH. NORM, RANGE 0. BANDWIDTH clockwise, FREQ center^, 
GAIN and VERNIER counterclockwise. BATTERY/ON. 



b. Model 140A with 1420A and 1400A set to 0.2 msec/cm, AC, 400 Hz, and appropriate 
vertical sensitivity. 



c. Model 200CD oscillator set to' about 1000 Hz, and for 0 dB Model 416E meter reference. 

d. Model 412A DC voltmeter set to appropriate range. 

*A11 measurements made with respect to 415E common (black terminal rear panel AMPLIFEIR 
OUTPUT connector). 



Figure 5-5. Power Supply Waveforms (Internal Battery Opei^tion Only) 
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I \ Y\ 

' \ / 

V/ 



1000 CPS 
INPUT SIGNAL 
38V P-P 



/ \ / \ 

,y V \ 



XA3 PIN 21 
37MV P-P 



/ 

/ \ » 



XA3 PIN 19 
4V P-P 






XA3 PIN 18 
4V P-P 
♦ 2.6VDC 








MEASUREMENT CONDITIONS (unless otherwise notedi* 



XA3 PIN 17 

^ RMU P.P 
40KHZ BANDWIDTH 
♦ 2.6VDC 



XA3 PIN 16 
I70MV P-P 




XA3 PIN II 
lOMV P-P 




XA3 PIN 6 
0.9V P-P 



a. Model 4.15E set to ON. HIGH. NORM. RAN>SE 0. BANDWIDTH clockwise. FREQ centered. 

GAIN and VERNIER counterclockwise. { 

b. Model 140A with 1420A and 1400A set to 0.2 msec/cm. AC. 400 Hz, and appropriate 
vertical sensitivity. 

c. ModjJ'^OCD oscillator set to about 1000 Hz, and for 0 dB model 415E meter reference. 

d. Xlddel 41 2A DC voltmeter set to appropriate range. 

•AU measurements made with respect to 415E common (black terminal rear panel AMPLIFIER 
OUTPUT connector). 



Figure 5-6. Signal Flow Waveforms (Input to Amplifier Output) 
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AMPUFfER 

OUTPUT V 

2.5V P-P • 
(EXPAND: 0) 




RECORDER 
OUTPUT 
0.2V P-P 
♦ l.OVOC 

(expand: 0) 




RECORDER 
OUTPUT 
72MV P-P 
♦ I.OVDC 




AMPUFIER 
OUTPUT 
0.9V P-P 




XA5 PIN 15 
0.25V P-P 
♦ I.4VDC 






XA3 PIN 13 

^ A M \/ P. P 

t^KHz BANDWIDTH 
♦ UVDC 




XA3 PIN 14 
0.25V P-P 
♦ I.4VDC 




XA3 PIN 12 
0.6MV P-P 
(BANDWIDTH 40KHZ) 
♦ UVDC 



MEASUREMENT CONDITIONS (Vmless otherwise noted)* 

a. Model 415E set to ON, HIGH, NORM, RANGE 0, BANDWIDTH clockwise, FREQ centered, 
GAIN and VERNIER counterclockwise. 

b. Model 140A with 1420A and 1400A set to 0.2 msec/cm, AC, 400 Hz, and appropriate 
sensitivity. 

c. Model 200CD oscillator set to about 1000 Hz, and for 0 dB model 415E meter reference. 

d. Model 412A DC voltmeter set to appropriate range. 

*AU measurements made with respect to 416E common (black terminal rear panel AMPLIFIER 
OUTPUT connector). 



Figure 5-7. Meter and Output Waveforms 
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1. 


Roslatance In ohm»r "K" Indicates thousands of ohms and "M" indicates miUions of ohms. 

f 


2. 


Capacitance 


In microfarads unless otherwise Indicated, "pf* Indicates mlcro-mlcrofarada. 


3. 


O 


screwdriver adjustment 




o 


panel ^ntrol 


4. 


r — 1 
1 1 


>* 

rear panel designation 




1 1 


front panel designation 


5. 


1 


i 

circuit assembly borderline 
s 

switch assembly outline 

CW indicates movable contact position at clockwise rotation limit of control 
shaft (shaft viewed from knob or slotted end). 


6. 






XAI 




7. 




Indicates socket connections of plug- In assembly ^ ^ 

\ 


8. 




indicates plug-ln socket pin number 


9. 


0 -©• 


/ 

Voltage regulator (breakdown) diode. 


10. 


■'NOM” Indicates positive DC power supply voltage Is nominal and may vary from nominal 
value by tl vdc (see Paragraph 4-24 INPUT BIASING). 


11. 


O 


encloses wire color code. Wire color code same “ 

number Identifies ground color, second num^ identifies wider strip, third 
number Identllles narrower strip. E.g.. @ denotes white ground. yeUow 
Wide stripe, violet narrow stripe. 



Figure 6-8 Schematic Notes 
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Figure 5-9 A3 Circuit Board Component Location for instruments Prefixed 545- and up. 
See Appendix ll for Component Location of Instruments Prefixed 530-. 
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Al INPUT SELECTOR ASSEMBLY 



A2 RANGE/ 
EXPAND ASSY 

<MRT I OY 4) 




I 



weFEWCNCt PESIflWATlOWS 



NO PREP)X 


Al ASST 


AS ASST 


AI -4 


AlCI-CS 


Asei-i.so*ss 


BTI 


AlCRI 


ASCRI.i, 4 M 0 


Ct ‘4 


AIQI 


AS 0 I> 4 ,I 4 -I 7 


D$l 


AIRI *7 


ASRI>l«.SE -«0 


PI 


AISI 




Jl. J 3 .JS 


AE ASST 


A 4 ASSY 


RI. 2 ,«I,S 2 


AZRI'S 


A 4 RI .2 


SI 

TI.T 2 


A 2 SI 


A 4 SI 



• 13 V (NOW) 

(SEC SCHEMATIC NOTES) 



I MrtRe*C£ MStCMATOtS mTNW OUTVWCO ( ) 

ASSCAW-ICS AM ASMEVtATED PULL MWOIATIOH M- 

auoei AisEBSLT mjaseil •». ii op auMBLT ai 
IS A)Ri oesiCHAnoMS op on<E« conpoments am 
I COaPLlTE AS SHO«H 






/ 




COPTBlEHT IMS IV MfNLlTT AACKAAO CO 
«i^l • I C«' "t 



• 13V MG (NOM) 
TO AIRS 



■TO A 2 S 2 



NOTES: 

I. SEE PIOURE S*« 



i f 

I •• 

I 






Figure 5-10. Power Supply and Input Circuit 
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A3 CIRCUIT ASSY (mmt i of si 

-III P | i | l !H I I I I l . « ^-»..W . »ii| L 



A3 CIRCUIT ASSY (mat t of s> 



, , AMPLIfICR 



•ClDr-----i 

^[aECOAOCRj 




CO^TflMHT ■••A IT HCVLITT »MKA«0 CO 
*•■1- •wtvvt I oacuiT- f ■« 






MO 


*2 ASST 


AS ASST 


*2-4 

J2.4 

Ml 

RS-r 


A2R9-I6 

A2S2 


ASC 10-29 
ASOS- IS 
ASCNS 

*smr-si 


*4 ASST 


A4A3.4 

A4S4 



Figure S'll. Output and Meter Circuit 
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SECT/ION VI 
REPLACEABLE PARTS 



6*1. INTRODUCTION 

6-2. This section contains information for order- 
ing replacement parts. Table 6-2 lists parts in 
alpha-numerical order of their reference desig- 
nators and indicates the description and HP part 
number of each port, together with any applic- 
able notes. Table 6-2 also provides the following 
information on each part: 

a. Description of the part (see list of abbrevia- 
tions, Table 6-1 ). 

b. Typical manufacturer of the pflrt in a five- 
digit code; see list of manufacture^n Table 6-3. 

c. Manufacturer’s part number. 

d. Total quantity used in the instrument (TQ 
column). 



6-3. Miscellaneous parts are listed at the end of 
Table 6-2. 

64. ORDERING INFORMATION ' 

6-5. To obtain replacement ports, address order 
or inquiry to your local Hewlett-Packard field 
office (see list at rear of this manual for ad- 
dresses); Identify parts by their Hewlett-Packard 
part numbers. 

6-6. To obtain a part that is not listed, Include: 

ft. 

a. Instniment model number. 

b. instrument sefial number. 

c. Description of the part. 

d. Function and location of the part. 
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Table 6-1. Reference Designatort and Abbreviations 



REFERENCE DESIGNATORS 



■ motor 
•- batUrr 

■ eciPMlior 

■ couplet 

• diode 

• dcicy Uac 

• device (Ump) 

■ aU« electroole pert 



r 


" fuat 


P 


• plui 


V 


“ vacuum tube. 


PL 


• PUter 


Q 


e IraoUatdr 




CMOO bulb. 


J 


• lack 


R 


“ raalstor > 




photocell, etc. 


K 


• relay 


RT 


- thennUtor 


va 


■ voltaic 


L 


" Inductor 


S 


• twitch 




rcfulator 


LS 


• loud meeker 


T 


- Uana/ormer 


w 


■ cable 


M 


« meter 


TB 


• terminal board 


X 


• toeket 


MK 


• mleropbone 


TP 


• lett point 


Y 


• cryctal 


MP 


• mechanlcel pert 


V 


• inte^ted circuit 


t 


• tuned cavity, 








• 




network 



ABBREVIATIONS 



ccw 

CIR 

CMO 

coir . 

COM 

COMP 

COMPL 

CONN 

CP 

CRT 

CW 



ILICT 

ENCAP 

IXT 



•mpene 

•utometk frequeoey 
eonttol 

beet (requeMT oeeilla- 
tor 

beryllhun copper 
bl^er heed 
bend pern 
bram 

beckwanl wevo oeeUle* 
tor 

eottotcrelockwiM 

cenmk * 

ceblnet mount only 

coefficient 

common 

compoaltioo 

complete 

eonatetor 

cadmium plate 

cathode- ray tube 

clockwlne 

depodted carbon 
drive 

•ieetiotytle 

eaeapeuilatetV 

external 

farada 
flat bead 
PUUiter bead 
fixed 

USadO^) 

germealum 



■rouadfed) 



H 


• beartea 


N/O 


m 


aonnaUy open 


RMO 


• 


rack mount only 


HOW 


• hardware 


NOM 


• 


nominal 


RMS 


a 


root-mean equare 


HRX 


• hexegonel 


NPO 


• 


negative podUve 


RWV 


m 


reverie working 


HO 


" mercury 






scro (cero tem- 






voltage 


HR 


* bourfr) 






perature coet- 


S-B 


m 


ilow-blow 


He 


- Herti 






ficleol) 


SCR 


m 


icrew 






NPN 


• 


negaUve-poiiUve- 


SC 


a 


wienlum 


IP 


■ Intermediate treq 






negaUvt 


SECT 


a 


eectioo<() 


IMPO 


■ tanpregnated 


NRPR 


- 


not recommended 


SEMICON 


a 


Mmlconductor 


INCO 


■ Incandeaceot 






for field re- 


SI 


a 


silicon 


INCL 


• laehidefi) 






placement 


SIL 


a 


itlvcr 


INS 


• lnaulatk>n(ed) 


NSR 


• 


not eeperately 


SL 


a 


tilde 


INT 


« Internal 






replaceable 


SPG 


a 


spring 






OBO 




order by 


SPL 


a 


special 


K 


• kUo« 1000 


" 


SST 


a 


Stainless steel 






deeerlpUon 


SR 


a 


split ring 






OH 


■ 


oval bead 


STL 


a 


steel 


LH 


> left hand 


OX 


* 


oxide 






UN 


• linear taper 


P 


ai 


peak 


TA 


a 


tantalum 


LK wash 


• lock waaher 


PC 


m 


printed circuit 


TO 


a 


time delay 


LOO 


■ logarithmic leper 


PF 


m 


plcofarada ■ 10**' 


TOL 


a 


toggle 


LPP 


• low pare filter 






farada 


THD 


a 


thread 






PH BRZ 


■ 


pboephor bronie 


TI 


a 


titanium 


II 


- mint - 10*^ 


PHL 


■ 


PhilUpa 


TOL 


a 


tolerance 


MEG 


• meg • 10^ 


PfV 


• 


peak Invcrae 


TRIM 


a 


trimmer 


MET PUd 


■ metal film 


PNP 




voltage 


TWT 


m 


traveling wave 


MET OX 


• metalUc oxide 


• 


poslttve-negattve- 






tube 


MPR 


■ manufacturer 


P/O 

POLY 




MdUve 








MHi 

MINAT 


■ mega Hertx 

m miniature 


. 


•art of 
^ly (Irene 




- 


micro “ 10"® 


MOM 


■ momentary 


PORC 


“ 


porcelain 








MOS 


<• metallxed 


POS 


■ 


posltlon(a) 


VAR 


m 


varUble J 


wbetrate 


POT 


“ 


potentiometer 


VDCW 


m 


dc working vqfu 


MTO 

MY 


" mounting 
• “mylar” 


PP 

PT 

PWV 


a* 


peak-to-peaJt 

point 

peak working vo)^ 


w/ 


a 


T 

with 










■ge 


W 


a 


waits 


N 


« nano (lO’^l 


RECT 




wrv ' 


a 


working inverse 


N/C 


• normally cloaed 




rectifier 






voltage 


NE 


■ neon 


RF 


• 


radio frequency 


ww 


a 


wirewound 


N1 PL 


■ nickel plate 


RH 


“ 


round bead or 
right hand 


W/O 


a 


without 




Model 413€ 



Repiaca4bl* P<rts 



Table &-2, Replaceable Parts 



Reference 

E)e$ignation 


HP Part Number 


Qty 


Description 


Mfr 

Code 


Mfr Part Number 




00419-401 


1 


iHlTCH ASSttlNruT 


24440 


\ 

0^1^401 


AlCl 


0110-0104 


2 


CifXD eiECT 40 UP 20t 4V0CH 


244 40 


0140-0104 ^ 




0140-019) 


) 


ciPAO nv 0*001 UP lot 20 oVoCH 


94244 


192P10292-PTS V 


AiO 


0110-0104 




CiPAO ELECT 40 UP 20t 4VKH 


244 40 


0140-0104 


Atcai 


1901-0029 


4 


DIOOEIIILICON lOOMA/lV 


07241 


PO 2947 


AlOi 


ii)4-oon 


12 


riftlSI NPNI SELECTED P«0M 2AI9T04> 


24440 


1194-flOTl 


AtKi 


OT9T-OJ14 


1 


RiPIO NET PLM 42.2 OHM |,t 1/IU 


24440 


0797-0314 


AiRj 


Q?9T-t419 


2 


RiFXO NET PIN 4. HR OHM 11 I/4N 


244*0 


0T9T-O4I9 


AlRi 


e)9T-02eo 


4 


RIPXD NIT PLM^R OKM U 1/4H' 


24440 


OT97<0200 


AiM 


e49«-eee4 


1 


RtPIO NET PIN 2.19R OHN 11 1/IW 


21440 


0490^004 


Ailtft 


CI9N0491 


1 


RIPSO NET PIN 24. SR OHM 1» 1/4M 


24440 


OT9T>0491 


AIRA 


0791-0199 


4 


RiPXO NET PLN 21. M OHN It l/IH 


24440 


0T9T-0199 


AlAi 


0797-044) 


1 


HlPAO HIT PLN ll.OR OHN It 1/4R 


24440 


0T97-0443 


AlAI 


0494-9492 


1 


RiflO NET PLN 147X OHM It I/4M 


244 40 


0494-3492 


AUl 


9100-1409 


1 


SMITCMI ROTARY 


24A40 


9100-1409 


A^ 


00 A 1 9- 402 


1 


SMlTAln ASSVIRANOE 


244 40 


00419-402 


A^l 


C494-4114 


1 


RiPll PLN 1I2K OHN 0.29t L/4R 


144« 


0494-4114 


Ulii 


0494-4109 


2 


RtPAD NET PLN 14.2R- OHM 0.2)1 1/4H 


24440 


0494-4109 


A2ki 


0494-411) 


2 


RiPaD nit PLN 1.42R OHM 0.291 1/4M 


24440 


0440-4113 


AjA* 


0494-4112 


2 


RtPAO PLN 202 OM 0.291 1/IH 


244 40 


0494-4112 


AJft» 


C494-4109 


V. 


RlPAO MIT PLN IE.2R OHN 0.2)1 1/iH 


24440 


0494-4109 


A^A* 


0494-411) 




RtPAO NIT PLN 1.02R OHN 0.291 1/4N 


24440 


0491-411) \ 


A^ll t 


C494-41U 


1 


RlPAO PLN 142 ONN 0.291 1/lM 


24440 


0490-4111 


AJAI 


0494-4110 


1 


RlPAO PLN 20.2 OhH: 0.291 1/lM 


24440 


0494-4110 




n94->444 ‘ 


2 


RlPAO NET PLN 914 OHN 11 1/M 


244 40 


0494- )444 


A^AIO 


0494-)9)l 


1 


RlPAO MIT PLN 749 OHM 0.91 1/4H 


244 40 


0494-)9)l 


A^U 


C494-39)0 


1 


RlPAO NIT PLN 470 OHM 0.91 1/4N 


244 40 


0494- )9>0 




0494-1929 


1 


RlPAO NIT PLN 297 OHN 0.91 1/IH 


24410 


0494-3929 


A2HI 1 


^494-192 1 


1 


AlPAO NET PLN 147.) OHM 0.91 l/IM 


24410 


0494- 392T 


AJMI» 


M94-4U2 




RlPAO PLN 202 OMt 0.291 1/IH 


24440 


0494-4112 




C494-)44l 


2 


RtPAO NET PLN 219 OHM 11 1/4H 


244 40 


049A-3441 . 




‘ 0494-1929 


1 


RtPAO MET PLN 114 OHM 0.91 1/IM 


244 40 


0494-3925 ^ 




noo-1404 




SHITCHIROTARV 


24440 


3100-1404 




00419-40) 


1 


40AR0 ASSYlANPLlPtlN 


244 40 


00419-40) 


AtCl 


0140-0199 


4 


CiPAO ELECT 2.2 UP 201 20VOCH 


94249 


19Q022910020A2-OYS 


AiC^ 


0140-0199 ' 




CtPAO ELECT 2.2 IIP 201 lOVOtH 


942 49 


19002 29 A0020A2-OYS 


AK » 


0140-0149 


1 


CIPAO NICA 22 PP 91 


24440 


OlAO-0149 ■ 


AiC« 


4140-0114 


) 


CiPAO ELECT 4.4 UN 101 99VOCH 


94249 


19004 49A90)9S2-DYS 


AiCS 


0140-0199 


1 


CIPAO NY 0.003) UP 101 20|HVQCH 


94249 


192P33292-PTS 


AJCa 


01 90-0121 


1 


CiPAO CER O.l UP *40-201 SOVKh 


942 49 


9C90BIS-CNL 


Aicr 


0140-0192 


1 


CiPAO MICA 41 PP 91 


244 40 


0140-0192 


AK» 


0140-02C7 


1 


CiPAO NICA 930 PP 91 ' 


24440 


0140-0207 




0140-0199 




CiPAO ELECT 2.2 UP 201 20V0CH 


94249 


1)002 2910020A2-OVS 


AJCI 0 


01 40-211 7 


) 


CiPAD CER 0.09 UP *40-201 lOOVOC* 


44411 


TYPE TA 


AKII 


0140-019) 




CiPAO NY 0.001 UP 101 200VOCH 


942 49 


192P10292-PTS 


AiCl ^ 


ol40-29l t 




CIPAO CER 0.09 UP *4O-20t ipOVOCH 


44411 


TYPE TA 


AJC 1 ) 


0140-019) 




CiPAO NT 0.001 UP lor'IoovocH 


94249 


192PI0292-PT9 






1 


CiPAO CER 0.47 UP *40-201 29VOCH 


94249 


9CH47S-CML 




0140-0199 




CtPAO ELECT 2.2 UP iOX ZOMOOt 


94249 


1900229A0020A2-OYS 


AiCtk 


0140-2120 


2 


CIPAO ITICA O.OlUP 11 \ 


04042 


AON)OP103P)C 


AKI 1 


Cllo-0199 




\ 

CiPAO ELECT 2.2 UP 201 20VOCH 


942 49 


1900229I0020A2-OYS 




0140-222) 


1 


CIPAO NICA 1400 PP 91 


244 40 


0140-2223 








CiPAD NICA 0.01UF 11 


04042 


RON3OPI03PK 


AK^O 


0140-0199 




CIPAO ELECT 2.2 UP 201 20VOCH 


94219 


19OO229A0OE0A2-OVS 


A t 


0140-291 t 




CiPAO CIA 0.09 UP *40-201 lOOVOCH 


•4411 


TYPE TA 


AiUi 


0140-0109 




CtPAO ELECT SENI-POLAAIIEO 90UP 29VDCH 


94249 


0)4114 


AKit 


C14O-0II4 


1 


CtPAO NICA too PP 21 


24440 


0140-0174 


AJUA 


0140-0199 




CtPAO ELECT 2.2 UP 201 20V0CH 


942 19 


tS0a229IO020A2-DTI 


AK2t 


6110-0109 




CtPAO ELECT SEMt-POLAAUEO 90UP 29VDCM 


94249 


0)411^ 


AJC<* 


0140-0114 




CtPAO ELECT 4.4 UP 101 IlVDCH 


942 49 


19OO449X90)9*2-0TI 


AKi r 


C140-0109 




CiPAO ELECT SINIoPOLARUfO 90UP 29VDCH 


94219 


0)4114 


AKil 


0140-0114 




CtPAO ELECT 4.1 UP 101 )9V0CH 


942 49 


I900449i9oma-ovt 


A3C<<! 


6140-0109 




CtPAO ELECT SEMI-POLRNUEO lOUP 29VOCH 


9*249 


D94114 


AKIO 


0140-0090 


1 


CtPAO ELECT 40 UP *T»>161 90VOCH 


14446 


01*0-0090 


AJOl 


0140-0199 




CiPAD ELECT 2.2 UP ZOt 20VDCH 


94249 


1900229A0020A2-OYS 


AiCii 


01 70-0C49 


1 


CiPAO NY O.IUP 201 90VKH 


44411 


401PE style ) 


AJCtl 


0140-29)0 


1 


CiPAO CIA 0.01 UP *40-201 lOOVKN 


9141* 


TA 


AJCU 


1901-0029 




OlOOElSILlCON lOOMA/lV 


0T243 


PD 2347 


Ujii 


nOl-0029 




OlOOEiSlLlCON lOONA/lV 


07249 


PO 2)47 


/aACA) 


1901-002) 




OlOOElSILlCON lOOMA/lV 


0724) 


PD 2147 


AM.A* 


1901-001) 


/ 2 


OlOOElSILlCON lOONA 140HV 


0724) 


P03949 


AiCAt 


1901-061) 


\ 


OlOOElSILlCON lOONA 140HV 


07243 


PD3)49 




1901-002) 




OlOOEtllLlCON lOONA/lV 


0724S‘X 


PO 2)47 


Ai4> 1 


1910-0014 


2 


DIOOCtCEANANlUM 100NA/0.49V 40PIV 


9)312 J 


02)41 


AiCAl 


19 10-0014 




DlOOElOEAMANIUN 100NA/0.49V 40PI« 


9)31^ 


023*1 
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Table 6-2. Replaceable Parti 



Reference 

Designation 


HP Part Number 


Qty 


Description 


Mfr 

Code 


Mfr Part Number 


Axee 


nei-«e2S 




oioDitiutcoN ioonA>iy 


Ot2*l 


PO 230T 


Ajciue 


1«02>C04A 


1 


aiOMlOAtAAOOM A.A1V 9S 


04T11 


1210010-114 


uat 


ii»*->«on 




fiTAltl AMltULtCTtO lion 2N110*> 


29490 


111*- 0011 




iei*^oii 




k, TSTAtAl MMlUUOliO OAOM 2MJ104I 


29490 


1904-0011 


mi 


tAS«>OOTI 




nrtiii NAiifMt.ecTtfi o*o« 2 mi7o*i 


20*90 


1904-0011 




ut*-don 




1$1*tSI MMtteUCttO PAOa 2Ni10«l 


29490 


1904-0011 


AM5 


us*>oon 




TiTAiSl HOtKMLCCrCfi PftOn 2M110*I 


20*90 


19*4-0011 




ies*-«on 




rSTAtAI ROMUUCttO OAOn 2MilO«) 


29400 


19*4-0011 


m? 


iAS4-oeri 




nrotii ■MuetACTio paon 2niio*i 


20400 


19*4-0011 


4M« 


iiS4-«on 




r»rA*Ai Rotiiuuctto p*on 2 niio*i 


20400 


19*4-0011 




1AS><M20 


« 


MIAlil PNOtiiAACKO PAOM 2NJ102I 


20400 


it*>-ao20 




US>-004« 




(llAtll PHOIteUCtiO PAOH 2M1102I 


20400 


19*1-0020 




liSA-OGII 




lllAtil MNItlLUtOD PAOJI 2N1104I 


20490 


li*4-0011 


AM44 


US>>OA20 




niAttl PMlUitCtCO PAOn 2M1102I 


29490 




mxi 


IA94*00n 




MIAltl MPMIULKItO PAON 2M11D4I 


29490 






U94^C01 


1 


19tA(9I NPNlSfieCKO PAON iNlllli 


20400 


19*4-0001 


4M1» 


USl-OMO 




191*191 PNPISiliCtCO PAON 2N1102I 


204 90 


19*1-0020 


AMI* 


iise-««*i 


t 


19TAI6* ALLOT 2UNC1I0N 


012*9 


0* 291 


AMir 


U9*-«eTi 




191At9l NM|I9AL<C1*0 PAON 2*110*1 


20490 




AJAi 


0791>A**5 , 


1 


AiPlO Nil PLN lOOA DHN IS 1/** 


294 90 


01*1-04*1 




U1^1J*0 ( 


1 


AlPtO Nil PLN ***A Ml II 1/1* 


204 90 


0419- 12*0 


AMi 


om>4i*e 




AlPlO NIT PLN 21. 9A OHN IS 1/*M 


294 90 


01*1-01*4 




e*«*-^0Ai 


9 


AlPiO Nil PLN *** OMN 11 1/1* 


29490 










AaPlO Ml PLN «.*IA OHN IS I/** 


294 90 




AM* 


e*1*-)449 


1 


AlPAO Nit PLN >4* OHN IS 1/** 


294 90 










AlPlO Ml PLN 21.9* CMN 11 1/** 


204 90 


Oil 1-019S 




C*«*>3M0 




AlPtO Ml PLN **** OMI IS 1/*M 


294 90 


0*N»- 12*0 




O4**-0dA2 




AlPlO Ml PLN *** OHN 11 t/*N 


294 to 


0*99-0092 




<*1«>i*94 


2 


AiPiO Nit PIN 219* DHN IS I/O* 


204 90 




AJMU 


eMf-^AAS 




AiPlO Ml PLN 100* CHN 11 I/** 


294 90 




AMIA 


C*t*>>t44l 


i 


AlPAO Nil PLN )l.»* IXN IS t/lM 


294 90 


0*99-11*0 


AWiI 




2 


AlPlO *11 PL* *.*** OHN IS l/t* 


294 90 


0*99-1111 




el9T-044i 


1 


•tPAO Nit PLN lO.O* OHN IS l/*M 


294 90 




AMl$ 


0r9T>«JA« 




tiPAO Nit PLN lA OHN IS l/*« 


294 90 


Oril-0290 


AMI* • 1 


ei4T-em 




AlPlO Nit PLN 21.9* OMN IS l/*N 


29490 






eiiv0ii4 




AlPlO Ml PLN It OHN IS l/*M 


294 90 


oil 1-0290 




(*1*-Ii«0 




AlPAO Ml PLN **** OHM 11 |/«* 


204 10 


0*99- 12*0 




Q«ie>)a*o 




AlPlO Ml PLN *•** OHM IS l/«* 


294K 


0*99-12*0 




U4e-)l*4 




AlPAO Nit PLN 11.** OHN t* i/I* 


204 90 




AMil 


e«i«-)*A4 




llPld Ml PLN 219 OHN 11 t/IM 


294 90 






eT9i-«MI 


1 


• iPAO Nil PAN *09* om IS 1/tW 


294 AO 


0111-0499 




afiT-«4Ai 




AlPAO Ml PlN 10.0* 04N it t/AH 


294 90 






C71T-0W 




AlPAO Nil PLN 21. 9N OH* IS i/I* 


294M 






OMT'OAOt 


4 


AlPAO Ml PLN iOO OMN IS 1/M 


294 10 




AM4* 


0791-0**2 




BiPaO nit PLN lO.O* OHM 1* i/I* 


294 to 






0191-0*** 


1 


AlPAO Ml PLN 90. M OHN t( 1/tW 


194 10 


0111-04*4 




0191-0*1* 


1 


AlPAO *11 PLN 9.11* Om 4 it t/lM 


2 0410 






iioo-i*ti 


1 


A IVAN *M too OHN 9S ITPf M 1* 








0791-0*42 




AlPAO Nil PLN iO.O* OH* IS 1/9* 


204 10 




AJAii 


0*9*-12*0 




AlPAO Nil PLN **** 0I« it l/IM 


2 9410 






c* 1 *- 12*0 




BiPAO Nff PL* ***« OMI 1* 1/9* 


294 90 


049»- 12*0 




0*«»-9001 


2 


AlPAO PLN 19.2* OHN IS i/9* 








C»9*-900l 




BIPAO PLN 19.2* OMN IS 1/9* 










1 


AlPAO Ml PL* 2*. n OHN it 1/9* 






AMJ* 


C191-0*** 


1 


BiPIO Nil PLN 12. lA OHN II 1/9* 








0*«*-il*2 


2 


AlPAO Ml PL* ***** 91N It 1/9* 


29410 


0*9*- 11*2 




c*9*-ll*2 




BIPAO NIT PLN «*.*« OMN IB 1/9* 








OA90-OCA2 




BIPAO Mt PLN 4*4 OHM 1* 1/9* 


294 10 






0791-021* 


1 


AlPAO Nil PLN At. 9 OHM It 1/9* 


294 90 




AM«0 






-PAL10NT SfLiCriO PANT 








0191-0*42 




BiPAO Nit PAN lO.OB GHM 1| |Ai« 


294 90 


0 111-0442 ' 




C*1*-12*0 




■IPAU NIT PLN 4**A OHM IS t/l* 


294 90 








1 


AlPAO Nit PLN MM OHM IB t/l* 








C*1*-l*9* 




AlPAO NOT PLN 219* OHM IS l/l* 


294 90 




AJA*> 


0191-0**9 




BIPAO Nil PLN 100* OHM IS 1/9* 


29490 






C*9*-0C*2 






294 90 


0*99-0092 








BiPAO Ml PLN 21.9* OHM It l/t* 


29490 










BfPIO NIT PLil 44* OH* IS l/t* 


20490 


0*99-0092 








BIPAO Ml PLN 11* OHN It 1/9* 


2 94 10 




AMM 


0791-0*01 




AlPAO NIT PLN too OMN IS 1/9* 


294 90 






0*0 0-1*1* 




BlPlO Ml PLN 1*1 Om IS l/t* 


2 94 10 


0*99-1419 








atPlO NCI PLN 1.91B OMN IS 1/9* 












BlPlO Ml PLN lO.OA OHM IB 1/9* 


294 90 


0111-0442 




2100-1*11 ' 




AlTAA COMP 2* OHN 20S LIN 1/9* 


29490 




AMM 


07*7-04*1 




tlPAO Mt PV* S.2W 04M IS l/t* 


294 to 




' ' 




■ 









S*« Introduction to Iht* wctton for ord«nn« lnfomi4tion 



6*4 


















Model 415£ 



RiplKieble Parts 



Table 6-2. Replaceable Parte 



Reference 

Designation 


HP Part Number 


ptv 


D^ription 


Mfr 

Code 


Mfr f^rt Number 


aja>a 


caaa-siss 




ttaao nft etn a**4« »«N it i/Om 


2»4Bfi 


0**4-1199 


aMsi 


eiM-taii 


1 


tivat cow 100 OHN 201 UN l/M 


2t4tO 


2100-1*12 


aiata 


oaa*>iMi 




tioao Mt olh 1.0IK Oha it l/av 


104 to 


o**t-mi 


ajgs« 


eiii-flaai 




atoao net eui lo.oa ohm it i/tM 


2X440 


OTlT-0442 


aMao 


Qaa*-liM 




iteio MT Pia ii.a« (MA it i/aa 


2t4i0 


0**4-1140 


awat 


or9r««4«i 


1 


tiato Alt am ii»<k oha u l/om 


244a0 


0212-04*2 


aa 


004i>>a«< 


1 


lAifCA assTiooMit 


24410 


00411-40I 


aaai 


oaeg-iiat 


1 


ttOlO Alt HA lO.U OHA It l/m 


24440 


0**4-1141 


aaAi 


gaia-iaaa 


1 


«(M0 Alt liA Ml OMA It t/M 


24440 


0**4-9444 


aaaj 


cai«*iisa 




aiOlO AIT AiA 14.1A OMA tt l/tN 


24440 


04*4-1114 


a*aa 


0MT->oaaf 


1 


AlAlO ACT AlA 14.2A OMA 11 1/OA 


244X0 


OTlT-0442 


aasi 


9too-ta4f 




MircMitoraAT 


2X4aO 


llOO-ltOT 


■ 






CHattfS Aaori 






■n 


laio-ocoa 


2 


gairiariaccMMCfatil 2 av U 2 »aM 


2X440 


1410-000* 


•u 






lOATlgA 01 OAiVI 






tt 


C19O-0C** 


2 


ciaao cto 0.01 ur *ao-iot ioovoch 


*1414 


ra 


a 


01 lo-ocaa 




CiAKO CIA 0.01 »aO-2Ct lOOVOCA 


*1411 


TA 


Cl 


oi»o-oui 


2 


Cifao CIA 2 a O.Ol OA 2dl 210MVac 


1424* 


l*C21*a2-COH 


Ca 


oiso>oiia 




C(AIO CCA 2 ■ 0.01 20f 210AVAC 


1421* 


l*C21*A2-C0H 


Oil 


taso-oaai 


1 


uoHtiiAOicaraA. mhiti 


244X0 


1410-04*1 


n 


f 110-0011 


1 


HJlCiCAATAtocc 1 ao i/ia anr iiov naa 


11*11 


1120*2 


ji 


12M-O1I0 


1 


CONACCTOAIAAC 


24*11 ' 


2*2* 124-1 


ji 


ISlO-OOOa 


1 


• liOIMi POST asSTiMaca iMSucaiOA 


2*4 ao 


1110-000* 


Ji 


mo-ooor 


1 


tIKMNO P91I ailTlAfO 


2*4*0 


1110-0002 


jj 


oiao-ooaa 


1 


lAlUtalOA'AA OOUAlf 


2*410 


0140-00*4 


jj 


ciao-ooao 


1 


lAlUtaTOAtOINOIAO POll DOUtlC 


2*4ao 


1940-00*0 


Ji 


1291-2111 


1 


SOCACTif-AlN AUC POMlt afCfPlaCLI 


* 2 ia« 


iac -101 


ja 


1210-0111 




COHNCCrOAltNC 


24*11 


2*ja 12*-I 


Ji 


1210-OI1I 




COANCCTOAlONC 


24*11 


2*2* I2*-1 


mi 


1120-0 102 


1 


AETIA 


2*4*0 


1120-01*2 


at 


2100 -llTa 


1 


t(«AA COAP 290A lot lOCAtOC IIB 0MN20t 


2*4«0 


2100- I1T4 


aj 






Patl OP At 






ai 


2100-1111 


1 


Aivaa COAP lOOA OMI lot 20 CCaLK llM 


2*4*0 


2100-112* 


aa 


2100-1111 


1 


A(vaa AN ouai 1200 oha 101 UN lANOfA 


2*4*0 


2100-1122 


a5 






PaAT OP A4 






aa 


0111-0200 




ArPlO ACT PLA lA OHN It l/tA 


2*4*0 


0212-02*0 


ar 


caao-aoii 


1 


atPXO ACT PIA 4A.4 OHM It 1/tW 


2*4*0 


04**-401l 


aa 






NOT aiSlCACO 






aao 






NOT aUICMCO 






aai 


oili-oaoi 
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OPTION OM 








ia 20 -oooa 




A. TTCATlICCKaAOCAAli 24* I.21AN 


{*4*0 


1420-000* 




ooai vooa 


1 


covea'tahitviopf on 


2*4*0 


00411-004 




24 2^0001 


1 
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Table 6-2. Replaceable Parts 



Reference 

Peiignatlon 



HP Part Number 






IMO-CT03 

M49*eTeo 

M«0-^Tte 

I)T»-0C1I 

looe-oTo) 

•M»-OTiO 

JltO-901* 

tCOO-«7l1 

ilfO-«C14 

0O41S-OOQU 

2JT9-9CIS 

CMlS'OOe 
ti *o-o«u 



Qty 
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CAeiNCt fMTt 
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-4AIH »o. »L*C* 
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Mfr 
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26460 

26460 

26460 

26460 

26460 

00000 

26460 

OOOOO 

26460 

OOOOO 

264 60 
OOOOO 
26460 

OOOOO 

26460 

OOOOO 

Jl«IO 

M*IO 

2 I«I 0 

iioia 



Mfr Part Number 



M 40 - 0 r 0 ) 

I440-00U 

tOAO-oroo 
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060 

)000-0t02 

060 
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060 
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Replaceable Parts 



Table 6’3. Code List of Manufacturers 



Th« following code numben are Crom the Federal Supply Code for Manufacturer! Cataloging Handbooks H4-1 
(Name to Code) and H4-2 (Code to Name) and their latest supplements. 



Code 

No. Manufacturer Address 



00000 U.S.A. Common . . Any Supplier of UJS. A. 
01295 Texas Instruments Inc. 

Semiconductor Components 

Division Dallas, Texas 75231 

04713 Motorola Semiconductor 

Products Inc. . . . Phoenix. Arix. 85008 
07263 Fairchild Camera and 

Instrument (^rp.. Semiconductor 
Division . . . Mountain View, C^l. 94040 
24931 Specialty Connector 

Co., Inc Indianapolis, Ind. 46227 

28480 Hewlett-Packard Co. . Palo Alto, Cal. 94304 



Code ^ 

No. Manufacturer Addreu^ 



56289 Sprague Electric Co. N. Adams, Mass. 01247 

70903 Belden Corp Chicago, III. 60644 

75915 Llttlefuse Inc. . . . Des Plaines, 111. 60016 
78189 Shakeproof Division 

Ulinols Tool Works . . Elgin, III. 60120 
79963 Zlerick Mfj. Co. . . Mt. Klsco, N.Y. 10549 

82389 Swltchcrafl Inc Chicago, 111. 60630 

84411 TRW Capacitor Div. . OgallaU, Neb. 69153 
91418 Radio Material Co. . . . Chicago, 111. 60646 
93332 Sylvania Electric Products 
Inc., Semicodncutor 

Division Woburn, Mass. 01801 
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Appendix I 



APPENDIX I 
OPTION 01, 001, 02 AND 



The 415E-Option 01, 001 instrument consists of 
a standard Model 41 6E SWR Meter with a bat- 
tery installed allowing either AC Line- or 
portable-operation of the instrument. The 415E 
Option 02, 002 instrument consists of a standard 
Model 416E SWR Meter with a rear panel INPUT 
connector installed and wired in parallel with tho 
front panel connector. Either If^UT connectoi' 
may be used at any one time. A Model 416E 
which is designated as 416E-Option 01—02 or 
Option 001—002 is merely an instrument with 
both the rear panel connector and the internal 
battery install«(l. Paragraph 3-6 explains operation 
of the instrument with a battery installed. 

A list of component ^parts required for/or in- 
cluded with installation in your instrument is 
included in Table 6-2 of this manual. Instructions 
for installation or re»noval of either or both of 
these instrument options are given below. 

INSTALLATION PROCEDURE 
1. Option 01, 001 * 

a. Set POWER siwtch to OFF and remove 
power plug from' 415 



1 





b. Removfe top and bottom instrument covers. 



c. Refer to Figure I-l which shows the cover 
and battery disassembled and install from bottom 
of instrument into the top deck. 

NOTE 

The battery should be installed so 
that the two battery terminals are 
toward the top and front of the 
instrument. 

d. Using the four retaining nuts, fasten the 
battery cover tightly in place. 



CAUTION 






Do not short battery terminals at 
any time as this may cause battery 
ceU damage. 

e. Using a low-heat soldering iron (see Table 
5-3), solder a red lead vrire (No. 22 gauge, 
stranded) bet>4een the plus battery terminal and 
the circuit board socket terminal marked 
BATT 

f. Solder a black lead wire (No. 22, stranded) 
between the negative battery terminal and the 
circuit board socket terminal marked BATT — . 

g. Removal is the reverse of installation. 

2. Option 02, 002 

a. Refer to Figure 1-2 which shows the proper 
assembly of ^e rear vpanel connector and cable 
assembly. \ 




PANEL 

^ SOLDER HERE 



shielded 

CABLE 



TERMINAL 
LUC 

LOCK PH 

WASHER WASHER 




BNC 

CONNECTOR 



\ 



Figure I- 1 Battery Cover Assembly j 



Figure 7-2. Connector Assembly^ 
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Model 416E 



b. Tbe ihlelded cable ground ^ for .he rear 
panel connector must be connected to the front 
panel INPUT ground to minimize noise pickup 
and signal reference problems. 

c. The center conductor must be connected to 
RANG&DB switch, AlSl, at the same point as 
the green wire leading to the front panel BNC 
input connector. 

MAINTENANCE OF THE RECHARGEABLE 
NICKEL CADMIUM BATTERY 

The maintenance of the rechargeable Nickel Cad* 
mium battery poses two problems, both of which 
pertain to recharging the battery. 

The first problem concerns damage to the battery 
because of improper maintenance. Damage during 
operation and storage will reduce the number of 
charging cycles and therefore the life of the 
battery. ^ 

The second problem concerns that of 
runaway. As the Nickel Cadmium battery heaU 
due to the charging' current, the battery terminal 
voltage drops. The ebbing current will then in- 
crease if the recharging circuit consists of a con- 
stant voltage source. This thermal runaway will 
result in destruction of the battery. This problem, 
however,’ is alleviated in Hewlett-Packard instru- 
ments because a constant current source provides 
battery recharge. 



Maintenance of the Nickel Cadmium battery can 
be summarized with several do not's. 

1. Do not allow the battery to discharge 

below 6 5 cell battery (1.2 volts por 

cell). This win prevent reverse charging of one or 
more cells. 

2. Do not fast charge for periods exceeding 
75 hours because excessive heat generated, may 
shorten battery life. Typical charging rates are a 
trickle charge of 4 mA to 7 mA and a fast charge 
rate of 16 mA to I'B mA, where applicable. The 
battery may be charged at a trickle rate indef> 
initely. 

% 

3. Do not charge the batteries in an &n> 
vironraent with temperatures above 90“ F (35“ C) 
or below 32" F (0"). Whenever possible charge the 
battery at moderate temperatures (70° F tlO°F, 
2l"C t5.6"C). Operation of the battery in the 
same moderate temperatures as for battery charg- " 
ing will provide maximum performance. 

/ 

4. Do not store the battery at teniperatures 
above 122"F (50"C) or below -4"F (-20“C). 
Prolonged storage (90 days under ideal condi- 
tions) may require three to five charge-discharge 
cycles to reach full capacity. 

5. Do not short-circuit the battery because 
the exceedingly low internal resistance will allow 
discharge at extremely high current levels. This 
will result m battery damage. 
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APPENDIX II 
MANUAL CHANGES 



Tu adapt this manual to instruments with Serial Numbers listed in the table below, make the indicated 
manual changes. 

Information for adapting this manual to instruments with' Serial Numbers not listed in the table below 
may be included in a yellow MANUAL CHANGEIS insert supplied with this manual. Information about 
Serial Numbers not covered In any of these ways can be obtained from the nearest Hewlett-Packard^ 
office. ^ 



rrrn^ or 

719- 


i 


545- 


1. 


530- 


l. 2. 3 » 



__ S»n4l PrefK or Number 



Make MenuaJ Chsnsei 



CHANGE 1 

Tahlt* 6 2 • 

DSl t(i HP Part Na 1450-0048; 1 . Lamp rujon. 28480. 1450-0048. 

(^hanjte J3 t(PMP Part No. 1251-0148. 1; Connector* power 3-pin male; 82389; 606-3. 

Change SI In HP.Part No 3101-0033. 1. Switch: slid DPDT; 82389; llA-1242. 

Change {.Kiwer cable (miscellaneous parts) to HP Part No. 8120-0078; 1; cable power 7.& ft; 70903; 
KMS-7041 

CHANGE 2 

I'ahle ti 2 ^ 

Change AJCI In HP Part No 0160 0174, C fxc/cer 0 47 pK 20% 25 Vdew; 56289; 5C11B7S- 
CMl. 

Change A3K22 U> HP Part No 0698-3260. K fxd met Rm 464K ohm 1% 1/8W; 28480; 0698-3260. 

CHANGE 3 

Page 5 21. Figure 5 9 
Keplai e with Figure II I 

Page 5 21, Figure 5 10 ^ 

Chflnge .A3K6 ruinunal value l<» 215 nhms 

Page 5 23. Figure 5 1 I 

Change ,-\3R33 am! .-\3K34 iminiiial values t«» 15 4K erhms 
Change ,-\3R21 nominal vi^lue to 316 *ihms 
Table '6 2 

Change A3R6 to HP Part No 0698-3441. R fxd met flm 215 ohms 1% 1./8W; 28480, 0698-3441. 
Change A3R21 to HP Part Nn 0698 3444. R fxd met Rm 316 ohm 1% W8W; 28480; 0698-3444. 
Change A3R33 and A3R34 to HP Part Nt*. 0698-3540. R fxd met flm 15.4K ohm; 28480; 0698-3540. 
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MANUAL CHANGES 



^ p MANUAL IDENTIFICATION - 

Model Number: 415E 
Date Printed: July 1971 

Part Number: 0041&-90009 

* 

Thb supplement contains important Information for correcting manual errors and for adapting the manual to 
instruments containing improvements made after the printing of the manual. 

To use this supplement; < ] '' 

Make all ERRATA correctld|i5 

Make all appropriate serial plumber related changes indicated in the tables below. 



Serial Prefix or Number 




iLl.k. U.n.ial 




Serial PrefU or Number 



Make Manual Chans**' 




► NEV^ ITEM 

ERRATA 

Page 6-5, Table 6-2: 

Change DSl to flP Part No. 1450-0 ) 19 (description remains the same). V 
► Delete T1 and add the following: / 

T1 9100-0392 TRANSFORMER INPUT 28480 9100-0392 

T2 9100-0393 TRANSFORMER: POWER 28480 9100-0393 

Back Cover ^ 

Delete Microfiche number. (Correct microfli number will be found on title page.) 

CHANGE 1 

Page 6-6, Table 6-2 

Add the following note to Replaceable Parts as an ai<l in explaining the 415E color scheme. 

NOT R 

This change implements a different color scheme for the standard instrument. Colors prior 
to this change are now available as options. Refer to the listing below. 

415E STANDARD ■ Indicates color scheme for the 1 15E beginning with thi^hange. (Includes 
MINT GRAY front panel and OLIVE GRAY cabinet.) 

415E OPTION ASS - Indicates LIGHT GRAY front panel. 

415E OPTION X95 • Indicates color scheme for the 41£L prior to this change. (Indudes 
UGHT GRAY front panel and BLUE GRAY cabinet.)"^ 

NOTE I 

M«nu*l chajis* nh^plements are revtaed a* often as nrcenary to keep manu <’s as current and accurate aa poaslbte. 
Hewletl-PaekArcl recommenda that you pehodlcaily rrquest til*, latest edition of U'lt lupplemcnt. Free copies arc available 
from all HP offlcea. When requeatinf coptei quote the manual identification informal >n from your (uppJemenl, or the model 
number and print date from the title page of the manual. t ^ 
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CHANdE 1 (corn'd) 

ChxQse No. &000-0703 to: 

HP Pert No. 600(^.8666 S|DE COVER (OLIVE GRAY) (STANDARD) 

HP Part No. 6000-0703 SIDE COVER (BLUE GRAY) (OPTION X96) 

Change HP Part Na 60604)720 to; 

HP Part No. 6060-867? COVERrTOP (OLIVE GRAY) (STANDARD) 

HP Part No. 506(k)720 COVERrTOP (BI^UE GRAY) (OPTION X96) 

Change HP Part No. 60004)717 to: 

HP Part No. 6000-8683 COVER:BOTTOM (OLIVE GRAY) (STANDARD) 

HP Part No. 60000717 COVER:B(^TTOM (BLUE GRAY) (OPTION X95) 

Change HP Part No. 004964)02 to: 

HP Part No. 004164)0013 PANEL:FRONT (MINT GRAY) (STANDARD) 

HP Part No. 004164)02 PANEL:FRONT (LIGHT GRAY) (OPHON A85, X96) 

Change HP Part No. 60204)706 to: 

HP Part No. 6020-7634 TRIM:METER (MINT GRAY) (STANDARD) 

HP Part No. 6020-0706 TRIM:METER (LIGHT GRAY) (OPTION A85. X95) 
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